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‘The Gap’ was originally a low sand dune which was located within the narrow piece of land 
between Budgewoi Beach and Budgewoi Lake. The ocean would breach this section of the 
land and spill over into the lake. In the 1980’s the dune was raised to restrict the ‘wash over’, 
as it would cause damage to the local road (Budgewoi Rd – A49) (Scott, 2015-2020) The 
community is divided with its point of view of ‘the Gap’ as they either believe it will improve 
the lakes flooding issues or it would increase the flooding extents at the lakes edge and low 
lying areas 
This report investigated the effects of local flooding along Budgewoi Rd (A49) if ‘The Gap” 
was reinstated. The primary objective of this flood study was to develop a model that was 
able to simulate the ‘wash over’ effect. Once this was developed the model was used to 
determine the height, length and ideal location for ‘the Gap’.  
Collation of historical data and flood information was undertaken. This provided a greater 
understanding of the area and the effect of changes that were implemented over time. The 
project utilised a coupled software approach to produce the flooding extents. TUFLOW and 
QGIS were the chosen software for the modelling aspect. TUFLOW used several text files to 
set model extents, boundary conditions and rainfall data. QGIS displayed the graphical 
inputs and outputs (TUFLOW, 2020). 12d software package was used to modify the sand 
dune height. Eight modified surfaces were created, and each new DEM was referenced in 
the TUFLOW model. TUFLOW Simulated different combinations of storm surges and 
estuary flooding events. These included the 1%AEP catchment, 5%AEP ocean, 1% AEP 
ocean, NEAP tide and June 2007 storm surge. Climate change factors of sea level rises 
were included in the model, these included 550mm and 910mm increases for the year 2050 
and 2100 
The key outcome of this project was a model that simulated the wash over effect. The model 
ran each storm event at the eight modified dune surfaces heights. From the four modelled 
scenarios the NEAP tide had very little to no impact on the flood levels whereas the 5% AEP 
and 1%AEP only started to impact the area when the dune was lowered a minimum of 2.5m. 
The June 2007 storm surge event had the largest effect on the area as it breached the sand 
dune at its existing height and the flooding extended into properties north of Coloma St. 
The project concluded that by reinstating ‘The Gap’ the flooding within Budgewoi Rd (A49) 
corridor and surrounding area increased. The community would be at risk of property loss 







University of Southern Queensland 
Faculty of Health, Engineering and Sciences 
ENG4111 & ENG4112 Research Project 
 
 
Limitations of Use 
 
 
The Council of the University of Southern Queensland, its Faculty of Health, Engineering & 
Sciences, and the staff of the University of Southern Queensland, do not accept any 
responsibility for the truth, accuracy or completeness of material contained within or 
associated with this dissertation. 
Persons using all or any part of this material do so at their own risk, and not at the risk of the 
Council of the University of Southern Queensland, its Faculty of Health, Engineering & 
Sciences or the staff of the University of Southern Queensland. 
This dissertation reports an educational exercise and has no purpose or validity beyond this 
exercise. The sole purpose of the course pair entitled “Research Project” is to contribute to 
the overall education within the student’s chosen degree program. This document, the 
associated hardware, software, drawings, and other material set out in the associated 
appendices should not be used for any other purpose: if they are so used, it is entirely at the 






I certify that the ideas, designs and experimental work, results, analyses and conclusions set 
out in this dissertation are entirely my own effort, except where otherwise indicated and 
acknowledged.  
I further certify that the work is original and has not been previously submitted for 










I would like to thank firstly my family and friends for their support and patience. Without 
them, this dissertation would not have been achievable. Secondly, my supervisor Justine 
Bailey, the weekly catchups have been essential to maintaining my path with this course. 
Thirdly Rudy VanDrie and his team from Central Coast Council for supporting me with 
providing data to enable me to undertake this project. My work Colleagues were also 
another source of great support and guidance.  




Table of Contents 
Abstract..................................................................................................................................ii 
Limitations of Use ................................................................................................................. iii 
Certification ........................................................................................................................... iv 
Acknowledgements ............................................................................................................... v 
Table of Contents .................................................................................................................. vi 
List of Figures ....................................................................................................................... ix 
List of Tables ....................................................................................................................... xii 
Glossary of terms and Abbreviations ................................................................................... xiii 
 - Introduction ........................................................................................................ 1 
 Background ................................................................................................................. 1 
 Aim and Objectives ...................................................................................................... 2 
 Location ....................................................................................................................... 3 
 The existing lake system ............................................................................................. 4 
 - Literature Review ............................................................................................... 6 
 Budgewoi Lake Historical review ................................................................................. 6 
 Budgewoi Beach Historical Review.............................................................................. 8 
 Design Standards ...................................................................................................... 11 
 Design Software ........................................................................................................ 15 
 Flood study review ..................................................................................................... 17 
2.5.1 Data collection .................................................................................................... 18 
2.5.2 Flood modelling techniques and software............................................................ 19 
2.5.3 Modelling Validation ............................................................................................ 21 
2.5.4 Scenarios ............................................................................................................ 21 
2.5.5 Climate Change Factors ...................................................................................... 22 
 Literature review summary ........................................................................................ 23 
 - Methodology ..................................................................................................... 24 
 Overview ................................................................................................................... 24 
 Site description .......................................................................................................... 24 
vii 
 
 Flood modelling technique approach and software .................................................... 24 
 Flood modelling standards adopted ........................................................................... 25 
 Model Development ................................................................................................... 26 
3.5.1 Model Data .......................................................................................................... 27 
3.5.2 Rainfall and Runoff data ...................................................................................... 27 
3.5.3 Historical Flooding ............................................................................................... 28 
3.5.4 Design Lakes Boundary ...................................................................................... 29 
3.5.5 Design Ocean Boundary ..................................................................................... 31 
3.5.6 Wind and wave setup .......................................................................................... 38 
 Model Validation ........................................................................................................ 39 
 Sand Dune Geometry ................................................................................................ 41 
3.7.1 Existing geometry ................................................................................................ 45 
3.7.2 Design geometry ................................................................................................. 45 
 Design Scenarios ...................................................................................................... 46 
 Climate Change ......................................................................................................... 48 
 TUFLOW and QGIS Model ...................................................................................... 49 
 - Data management ............................................................................................ 52 
 Data sources ............................................................................................................. 52 
 Data Review .............................................................................................................. 52 
 Data Management ..................................................................................................... 53 
 - Results ............................................................................................................. 58 
 Peak flood conditions ................................................................................................ 58 
5.1.1 Initial conditions .................................................................................................. 59 
5.1.2 Results 1%AEP catchment and 5% AEP ocean level with wave wind set-up ...... 61 
5.1.3 Results 1%AEP Within catchment and 1% AEP ocean level with wave wind set-up
 .................................................................................................................................... 63 
5.1.4 Results 1%AEP Within catchment and NEAP tide with wave wind set-up ........... 65 
5.1.5 Results 1%AEP Within catchment and June 2007 Storm Surge .......................... 67 
5.1.6 Climate change conditions .................................................................................. 69 
viii 
 
5.1.7 Results summary ................................................................................................ 76 
 Discussion ................................................................................................................. 77 
5.2.1 Discussion on Model performance ...................................................................... 77 
5.2.2 Discussion on flood modelling Results ................................................................ 78 
5.2.3 Model Uncertainties and Limitations .................................................................... 85 
5.2.4 Further work ........................................................................................................ 85 
 - Conclusion and Recommendations .................................................................. 87 
 Conclusion ................................................................................................................. 87 
 Recommendations ..................................................................................................... 87 
References ......................................................................................................................... 88 
Standards and online references ........................................................................................ 91 
Appendix A ......................................................................................................................... 92 
Appendix B ......................................................................................................................... 93 





List of Figures 
Figure 1- Looking West over "the Gap" ................................................................................. 2 
Figure 2 - Locality Plan (Map data ©2020, Google) ............................................................... 3 
Figure 3 - Subject Area ......................................................................................................... 4 
Figure 4 - Tuggerah lakes catchment area (Tuggerah Lakes: The Sciences of Tuggerah 
Lakes, 2020) ......................................................................................................................... 5 
Figure 5 - Lake Munmorah Power Station Site ...................................................................... 7 
Figure 6 - CCC Estuary Management Plan Grant funded Projects ........................................ 8 
Figure 7 - Sand Mining unit at Budgewoi Beach .................................................................... 9 
Figure 8 - Sand Dune rehabilitation ..................................................................................... 10 
Figure 9 - Predictions of berm changes due to rise in sea levels (Gallien, et al., 2018) ....... 22 
Figure 10 - Latitude and Longitude of Budgewoi Beach ...................................................... 27 
Figure 11 - Rainfall Data from BOM .................................................................................... 28 
Figure 12- Budgewoi Lake level at Wallarah Creek Bridge .................................................. 30 
Figure 13 - Water way Entrance Types ............................................................................... 32 
Figure 14 - Peak ocean design level ................................................................................... 33 
Figure 15- Location of ocean buoys and tide gauges relative to Crowdy Head ................... 33 
Figure 16 - Fort Denison Peak levels .................................................................................. 34 
Figure 17- Peak design levels for various locations ............................................................. 34 
Figure 18 - 1% AEP Ocean water levels and time series graph (State of NSW and Office of 
Environment and Heritage, 2015)........................................................................................ 35 
Figure 19 - 5% AEP Ocean water levels and time series graph .......................................... 35 
Figure 20 –Spring and NEAP tide Ocean water levels and time series graph (State of NSW 
and Office of Environment and Heritage, 2015) ................................................................... 36 
Figure 21 -June 2007 storm event significant and maximum wave heights ......................... 38 
Figure 22 - June 2007 Historical Flood Hydrographs .......................................................... 40 
Figure 23 - CCC online 1% AEP flood extents .................................................................... 40 
Figure 24 - Model validation outputs ................................................................................... 41 
Figure 25 -Characteristics of sand dunes ............................................................................ 42 
Figure 26 - Photo 01 dune erosion from July 2020 East Coast Low .................................... 43 
Figure 27- Photo 02 beach viewing platform and access stairs damaged by the waves ...... 43 
Figure 28 - Photo 03 5m near vertical face of dune after July 2020 East Coast Low ........... 44 
Figure 29 - Photo 04 viewing platform dangling off the dune after July 2020 East Coast Low
 ........................................................................................................................................... 44 
Figure 30 - modified sand dune typical sections .................................................................. 46 
Figure 31 - Example of possible design scenario combination ............................................ 46 
Figure 32- Initial conditions% AEP catchment only flood depths ......................................... 60 
x 
 
Figure 33- Sand dune lowered 4.0m 1%AEP catchment and 5%AEP ocean flood depths .. 62 
Figure 34- Sand dune lowered 4.0m 1%AEP catchment and 5%AEP ocean flood velocities
 ........................................................................................................................................... 62 
Figure 35- Sand dune lowered 4.0m 1%AEP catchment and ocean flood depths ............... 64 
Figure 36- Sand dune lowered 4.0m 1%AEP catchment and ocean flood velocities ........... 64 
Figure 37- Sand dune lowered 4.0m 1%AEP catchment and NEAP Tide flood depth ......... 66 
Figure 38- Sand dune lowered 4.0m 1%AEP catchment and NEAP Tide flood velocities ... 66 
Figure 39- Sand dune lowered 4.0m 1%AEP catchment and June 2007 exist sand dune 
flood depth .......................................................................................................................... 68 
Figure 40- Sand dune lowered 1.0m 1%AEP catchment and June 2007 Storm Surge flood 
depth ................................................................................................................................... 68 
Figure 41- Sand dune lowered 1.0m 1%AEP catchment and June 2007 Storm Surge flood 
velocities ............................................................................................................................. 68 
Figure 42- Sand dune lowered 4.0m 1%AEP catchment and 5%AEP ocean climate change 
2050 flood depths ............................................................................................................... 71 
Figure 43- Sand dune lowered 4.0m 1%AEP catchment and 5%AEP ocean climate change 
2050 flood velocities ........................................................................................................... 71 
Figure 44- Sand dune lowered 4.0m 1%AEP catchment and ocean climate change 2050 
flood depths ........................................................................................................................ 71 
Figure 45- Sand dune lowered 4.0m 1%AEP catchment and ocean climate change 2050 
flood velocities .................................................................................................................... 71 
Figure 46- Sand dune lowered 4.0m 1%AEP catchment and NEAP tide climate change 2050 
flood depths ........................................................................................................................ 72 
Figure 47- Sand dune lowered 4.0m 1%AEP catchment and NEAP tide climate change 2050 
flood velocities .................................................................................................................... 72 
Figure 48- 1%AEP catchment and June 2007 Storm Surge climate change 2050 flood 
depths ................................................................................................................................. 72 
Figure 49- 1%AEP catchment and June 2007 Storm Surge climate change 2050 flood 
velocities ............................................................................................................................. 72 
Figure 50- Sand dune lowered 4.0m 1%AEP catchment and 5%AEP ocean climate change 
2100 flood depths ............................................................................................................... 74 
Figure 51- Sand dune lowered 4.0m 1%AEP catchment and 5%AEP ocean climate change 
2100 flood velocities ........................................................................................................... 74 
Figure 52- Sand dune lowered 4.0m 1%AEP catchment and ocean climate change 2100 
flood depths ........................................................................................................................ 74 
Figure 53- Sand dune lowered 4.0m 1%AEP catchment and ocean climate change 2100 
flood velocities .................................................................................................................... 74 
xi 
 
Figure 54- Sand dune lowered 4.0m 1%AEP catchment and NEAP tide climate change 2100 
flood depths ........................................................................................................................ 75 
Figure 55- Sand dune lowered 4.0m 1%AEP catchment and NEAP tide climate change 2100 
flood velocities .................................................................................................................... 75 
Figure 56- 1%AEP catchment and June 2007 Storm Surge climate change 2100 flood 
depths ................................................................................................................................. 75 
Figure 57- 1%AEP catchment and June 2007 Storm Surge climate change 2100 flood 
velocities ............................................................................................................................. 75 
Figure 58 - Provisional hazard categorisations .................................................................... 82 





List of Tables 
Table 1- Standards and guidelines ...................................................................................... 14 
Table 2 - Software Overview ............................................................................................... 17 
Table 3  Budgewoi Lake Flood levels .................................................................................. 29 
Table 4 - Manning’s 'n' Values (Engineers Australia - Water Engineering, 2012) ................ 31 
Table 5- 'The Gap' Ocean boundary conditions ................................................................... 37 
Table 6 - Overview of Ocean levels ..................................................................................... 39 
Table 7 - Existing Sand Dune Geometry ............................................................................. 45 
Table 8 - The Gap' Design Scenarios for ocean still water levels ........................................ 47 
Table 9 - The Gap' Design Scenarios with wave height ...................................................... 47 
Table 10 - Climate Change adjustments for 'The Gap' ocean still water levels .................... 49 
Table 11 - Climate Change adjustments for 'The Gap' wave height levels .......................... 49 
Table 12 - Control file summary .......................................................................................... 51 
Table 13 - Data Management Table .................................................................................... 57 
Table 14 - climate change catchment and ocean water levels for 2050 year ....................... 69 
Table 15 - climate change catchment and ocean water levels for 2100 year ....................... 73 





Glossary of terms and Abbreviations 
1D  One dimensional 
2D Two Dimensional 
ARR Australian Rainfall and Runoff 
TUFLOW Flood modelling software 
MIKE Flood modelling software 
QGIS Geographic Information System 
GUI Graphical User Interface 
12D Civil design package 
ICOLL Intermittently Closed and Open Lakes and Lagoons 




 - Introduction  
 Background 
In the early 1920’s Budgewoi was originally a popular tourist destination. Travellers would 
flock to the area as it had pristine beaches and beautiful sandy lakes. Over time, the area 
was urbanised and population increased. This lead to major changes for the environment 
such as land clearing, housing developments and upgrading of infrastructure (Scott, 1999). 
Over the years, there has been talk in the community about how Budgewoi Lake has 
deteriorated and is a mere skeleton of its previous self. Many of the older generation 
residents have memories of the lake being surrounded by sandy beaches and having crystal 
clear water, whereas now the shoreline is either covered in weed or has be replaced with 
topsoil and grass. 
Over the last 60 to 70 year period, the lake was subjected to many changes such as 
dredging a deep channel for the local power station, Toukley Golf Course (built on reclaimed 
land) and locally filling of sandy beaches with topsoil and grass. 
The lake was not the only natural wonder to be modified by humankind. The sand dunes 
along Budgewoi Beach were reshaped and raised. The main change was filling in low-lying 
dunes. This was completed to protect the road from being washed away when there was 
high tides and floods. This section was named ‘the gap’ by the local community. Long term 
residents can remember seeing the whitewash of the waves as they drove along Budgewoi 
Rd A49 and others tell tales of seeing the actual wash over. 
‘The Gap’ was originally a low sand dune in the area between Budgewoi Beach and 
Budgewoi Lake that allowed the ocean to breach this section of the land and spill over into 
the lake. It was about 200m long and was south of Coloma St Budgewoi. 
Residents from around the lake believe that bringing back ‘the gap’ would improve the lake’s 
flooding issues, it would flush the lake thus water quality would recover and it would also 
allow the lake to rejuvenate to its original sandy flats and crystal clear waters.  
Others believe ‘the Gap’ will increase flooding in low-lying areas, dramatically change the 
ecosystem of the lake due to tide levels.  The main concern is the road A49 Budgewoi Road 
that runs parallel with ‘the Gap’. 
Throughout the research of this project there were accounts of storm surges wash over ‘the 
Gap’ when the conditions were ideal. In July 2020 two East Coast low pressure systems 
occurred on the Central Coast. These bought damaging winds, rainfall and storm surge tides. 
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Many of the local beaches experienced server erosion and sand dune removal. At Budgewoi 
Beach access tracks and viewing platforms were taken by the sea and evidence of waves 
washing over dune were visible 
 
 
Figure 1- Looking West over "the Gap" 
 
 Aim and Objectives 
As already stated, the local community have many reasons why they would like to have ‘the 
Gap’ re-established but the main aim of this report and study is to  
“Determine the effect of flooding on the local road A49 Budgewoi Rd if ‘the Gap’ was 
reinstated.” 
The objectives of this research project were as follows 
1. To develop a model that can simulate the wash over effect that would have occurred 
when the sand dunes, ocean and lake were in their untouched state.  
2. Locate ‘the Gaps’ exact location and length adjacent to the Pacific Ocean and 
Budgewoi Lake. This will allow the wave and storm surge to wash over the dune at its 
ideal position 
3. Determine the required height of the sand dune within ‘the Gap’ to ensure that the 




Budgewoi is a suburb located on the Central Coast of New South Wales. It is approximately 
1hr south of Newcastle and about 1.5hrs North of Sydney. Budgewoi is situated between two 
lakes, Lake Munmorah and Budgewoi Lake. It also backs onto Budgewoi Beach. The area 
that was the focus for this report was the main road between Budgewoi and Toukley, A49 
Budgewoi Rd. The road lies on a slim piece of land between the Pacific Ocean and 
Budgewoi Lake.  
 
 






Figure 3 - Subject Area 
 
 The existing lake system 
Budgewoi Lake is part of the Tuggerah lakes system. It consists of three interconnected 
coastal lagoons (Lake Munmorah, Budgewoi Lake and Tuggerah Lake). The lakes have a 
total surface area of 80km2 and 105km perimeter. The lakes are quite shallow with an 
average depth of 1.7m with a naturally silty bottom. The catchment area is nearly 710km2, 
expanding out as far as Ravensdale to the North West, Kulnura to the West and Somersby to 
the South. Refer Figure 4 for catchment details. The lakes are approximately 0.2- 0.3m 
above sea level. There is an opening to the Tasman Sea at the southern end via a narrow 






Figure 4 - Tuggerah lakes catchment area (Tuggerah Lakes: The Sciences of Tuggerah Lakes, 2020) 
 
The lake system is classified as an ICOLL (Intermittently Closed and Open Lakes and 
Lagoons). ICOLLs open and close to the ocean naturally depending on the rainfall within the 
catchment area, waves, tides and winds. The entrance barrier where the lake meets the 
ocean will either form or break down. (Anon., 2020) 
This cycle is constant but irregular. When large rainfall events occur the lakes water level will 
rise and eventually spill over the barrier and drain to the ocean. This breach causes the 
barrier to scour out reopening the entrance channel. Once the lake is open, it allows the 
seawater to move in and out with the tides. (Anon., 2020) 
These tides will gradually close the ICOLL again as they push sand back to the shoreline to 
reform the barrier between the lake and the ocean. It will remain closed until the next major 
rainfall event. (Anon., 2020) 
The opening for Tuggerah lakes is quite narrow and shallow. Which means that the seawater 




 - Literature Review 
This chapter discusses the literature reviewed for this research project. As this project was a 
case study on the changes of the landform between the lake and Ocean at Budgewoi beach, 
the history of the both the lake and sand dunes along interested stretch of coastline were 
investigated and reviewed. This allowed for a greater understanding of the focus area and 
the changes that were implemented over the years. 
Other flood studies were appraised for the flood modelling approach, data collection, model 
validation, flood modelling techniques and software, and scenarios. This provided an insight 
to what data and information was required.  
 
 Budgewoi Lake Historical review 
The first white settlers of the Tuggerah lakes area dates back to 1825. It is believed that prior 
to this the area was occupied by three indigenous tribes, the Kurringgai, Darkingung and 
Awabakal. Between 1825 and 1870 small groups of settlers were establishing farms and 
raising cattle, many others were felling timber and hauling it out of the valleys with teams of 
bullocks (Scott, 1999). 
The railway was built in 1880’s and this allowed the northern part of the central coast to be 
expanded. The area grew consistently, and subdivisions were established by 1920. These 
lots were used for holiday accommodation. Budgewoi was one of the theses developments. 
In 1949 Budgewoi was a quiet village, consisting of probably no more than forty houses and 
weekenders, two shops, a boatshed and a tin shed where oil and petrol were sold. (Scott, 
1999) 
From 1960 to late 1980s the lake endured huge changes. Urban growth expanded rapidly 
and with this came expansion of the industrial and commercial sectors. The biggest industrial 
impact for Budgewoi Lake was the construction of Munmorah Power Station. The station was 
situated between Budgewoi Lake and Lake Munmorah. See Figure 5 for location.  
The power station required cooling waters which were taken from Lake Munmorah via the 
Hammond Canal and then discharged back to the Canal and flowed out into Budgewoi Lake 
(Thornton, 2017). A deep trench was dredged within both lakes so as the cooling waters 
could achieve higher flow rates. Budgewoi creek was enlarged to help improve the flow rate. 
The cut material was placed back within lake at serval locations. This changed the lake 




Figure 5 - Lake Munmorah Power Station Site 
 
Urban growth had its own set of issues or changes for the lake. Poor catchment 
management from the 1960s to the 1980s allowed high nutrient loads to enter the lake from 
septic systems, urban runoff, reclamation of wetlands for industrial, recreational and housing 
developments, loss of riparian vegetation due to the housing developments and dredging 
and reclamation activities along the shoreline (Scobie & Secomb, 2010).  
In the late 80s early 90s environmental issues and protection became increasingly popular. 
The lakes general health was at its lowest and the community wanted the issues fixed. In the 
mid-90s the sewer reticulation system was installed, and catchment pollutants were reduced 
by better management.  
The early 2000s saw the community gain better knowledge and started to engage in 
improving the health of the lake. Council applied science-based management which 
improved water quality and clarity 
In 2005 the NSW state government implemented The Floodplain Development Manual. The 
manual helped council develop and apply local floodplain risk management plans. This has 
been an ongoing project for council (NSW Department of Planning, Industry and 
Environment, 2019).  
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Over the last 15 years council has invested millions of dollars to try and rectify the damage 
done over that 40-year period. The Tuggerah Lakes Estuary Management Plan was 
implemented and grants from both state and federal government have been used to 
complete projects such as stormwater management improvements, Saltmarsh rehabilitation, 
bush revegetation, water quality monitoring, streambank rehabilitation and recreational 
upgrades. Figure 6 is a map of the improvements Budgewoi Lake has received from the 
implementation of Tuggerah Lakes Estuary Management Plan (Anon., 2019).  
 
 
Figure 6 - CCC Estuary Management Plan Grant funded Projects 
 
 Budgewoi Beach Historical Review 
Dunes are an integral part of our coastal environment. Not only do they provide a reserve 
supply of sand for use by waves during storms, they are the basis of important ecosystems, 
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supporting valuable communities of plants and animals. They provided resources and shelter 
for Indigenous people, generating cultural values that remain important today (Anon., 2001). 
Budgewoi Beach is a long open beach which is classified as a ‘high energy open beach’. 
High-energy coasts are those that are exposed to strong, steady, zonal winds and fronts with 
high wave energies from storm waves and swells (Otvos, 1982).  
Unfortunately, many coastal dunes have been degraded over the years due to residential 
development, grazing, mining and recreational activities. Budgewoi Beach has had decades 
of degradation through mineral sand mining, sand extraction, dredging spoil placement, poor 
access, and residential development. Rutile dredge mining operations commenced along 
Budgewoi Beach in 1966 and finished in 1973. For the floating rutile dredge to operate all 
vegetation was removed and dozers provided a trench for the dredging unit to float. Local 
coal mines provided coal chitter for trucks to negotiate soft sand areas to collect rutile and 
truck it to port.  
 
 
Figure 7 - Sand Mining unit at Budgewoi Beach 
 
When the mining ended in 1973, the area looked like a waste land. Restoration, revegetation 
and reshaping of the dune topography was carried out in the most economical way, ignoring 
the fragility of the coastal environment. This resulted in the foredune structure of Budgewoi 
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beach to become destabilised allowing wind-blown sand to advance inland leaving the frontal 
dune less able to withstand erosion and prone to sustained long-term retreat. 
From the CSIRO report The Ecology of Tuggerah Lakes and Oral History Gordon Browne 
stated “Wyong Shire Council dumped large tree stumps in recent years so windblown sand 
would build up over them to form a higher dune.’ (Scott, 2015-2020). This occurred in the 
mid-90s which is in line with the Budgewoi Beach Dunecare commencement. 
In 1995 National Parks and wildlife, Central Coast Council (previously known as Wyong 
Shire council) and Budgewoi Beach Dunecare collaborated to undertake coastal 
rehabilitation works along Budgewoi Beach. The coastline was transformed from a degraded 
weed infested; sand mined wasteland into a balanced coastal ecosystem.  
Overtime the volunteer dune care program has provided access-ways and raised walkways 
allowing protection and appreciation of the coastal wetlands. Restored ecologically 








 Design Standards 
There are standards, guidelines, policies and management plans for all types of engineering 
design and construction. All designs or studies must comply with not just one, but many 
standards or guidelines as required. These can range from national standards to local 
government agency guidelines and specifications.  
In regards to flooding, Australian Rainfall and Runoff (ARR) is a national guideline document, 
data and software suite that can be used for the estimation of design flood characteristics in 
Australia. It is an important component in the provision of reliable and robust estimates of 
flood risk. (Geoscience Australia, 2019) 
The ARR data hub supplies design rainfall data, temporal patterns, base flow factors, climate 
change factors and much more. Software such as the joint probability modelling in estuarine 
region are also available. 
The ARR consists of 9 books. Different aspects of design flood estimation are separated into 
individual books. Below is a brief description of each book. 
Book 1 – Scope and Philosophy; is a general introduction to Australian Rainfall and Runoff 
and the basic philosophy for the application of the guidelines. Terminology is introduced, 
fundamental issues and basic approaches to flood estimation discussed. Data management 
and data uncertainty, risk-based design and dealing with climate change are briefly 
presented. (Geoscience Australia, 2019) 
Book 2 – Rainfall Estimation: the importance of design rainfall for flood estimation and the 
differences between historical and design rainfalls are discussed. It provides the basis for the 
recommended Intensity Frequency Duration relationships, design spatial patterns of rainfall 
and design temporal patterns of rainfall. Also considered in this book are continuous 
sequences rainfall inclusive of the stochastic generation of alternative design storm 
sequences. (Geoscience Australia, 2019) 
Book 3 – Peak Flow Estimation: is a general introduction to peak flow estimation based on 
flood frequency analysis. Specific technical aspects of this topic are also covered in this 
book. Technical guidance for Flood Frequency Analysis at a specific site is demonstrated 
with a range of examples. A tool that can provide peak flow frequency estimates for any 
location within Australia is describe along with Regional Flood Frequency Estimation 
techniques. (Geoscience Australia, 2019) 
Book 4 – Catchment Simulation for Design Flood Estimation: provides general concepts 
and issues in catchment modelling for design flood estimation. The chapters cover 
catchment simulation concepts, hydrologic processes and modelling systems, types of 
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catchment modelling systems (event and continuous), integrating hydrologic and hydraulic 
components of the system, treatment of joint probability issues and uncertainty in the outputs 
of simulation models. (Geoscience Australia, 2019) 
Book 5 – Flood Hydrograph Estimation: this book is the hydrologic models essential guide 
for prediction of design flood hydrographs. Chapters detail modelling of particular 
components of the flood formation process, runoff generation and runoff routing phases, 
baseflow and losses, and design data for inputs to flood hydrograph estimation. (Geoscience 
Australia, 2019) 
Book 6 – Flood Hydraulics: deals with the basic aspects of hydraulics. The chapters in this 
book present information relevant to the hydraulic modelling of river reaches, floodplains and 
structures for design flood estimation, the application of software for numerical modelling of 
flood hydrographs, blockage of hydraulic structures and interaction of coastal and catchment 
flooding. A tool has been developed to assist practitioners in assessing the iteration of 
coastal and catchment flooding. Also included in this book is guidance on designing for the 
safety of people and vehicles. The people safety information presented includes a discussion 
of the importance of the demographics in assessing safety. (Geoscience Australia, 2019) 
Book 7 – Application of Catchment Modelling Systems: details major issues in the 
practical application of catchment modelling systems to different flood estimation problems, 
including establishment of catchment modelling systems, calibration and validation of model 
parameters and dealing with uncertainty in model outputs. (Geoscience Australia, 2019) 
Book 8 – Very Rare to Extreme Flood Estimation: provides information and guidelines for 
the special design applications where floods of low Annual Exceedance Probabilities need to 
be estimated. This book includes an overview of the procedures available for estimating very 
rare to extreme floods, estimation of design rainfall and rainfall excess for rarer events, and 
special requirements for the models used to generate flood hydrographs for very rare to 
extreme flood events. The application of these special procedures is illustrated by a number 
of examples. (Geoscience Australia, 2019) 
Book 9 – Runoff in Urban Areas: provides a general introduction to urban drainage system. 
Urban drainage approaches, changes to the natural hydrologic cycle resulting from 
urbanisation and how these changes impact on design flood estimation in urban 
environments and use of storage facilities from on-site storage to detention (retention) basins 
to large flood mitigation dams is discussed. (Geoscience Australia, 2019) 
As it can be seen from these brief descriptions. These guidelines are very useful for any type 
of flood modelling project or study. ARR had a project that investigated the Interaction of 
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coastal processes and severe weather events. This is called Project 18: Interaction of coastal 
processes and severe weather events.  
Project 18 was pilot study into the application of statistical joint probability methods on 
extreme rainfall and storm surge in the coastal zone. The outcomes of the study were  
1. statistically significant dependence between extreme rainfall and storm surge could 
be found at each testing location 
2. dependence between the rain gauge and tide gauge was found even over several 
hundred kilometres 
3. dependence between rainfall and storm tide is heavily influenced by storm burst 
duration, this increased for longer durations (Engineers Australia Water Engineering, 
2012) 
State Governments also provide many manuals, guidelines, standards, policies and 
management plans. The NSW Department of Planning, Industry and Environment is 
responsible for the managing and monitoring of wetlands, rivers, floodplains, coasts and 
estuaries. (NSW Department of Planning, Industry and Environment, 2019). They provide 
local councils with toolkits to implement their own set of design documentation specifications. 
The State Government is also responsible for collecting all new relevant material and 
providing updated information. With this new data policies, manuals, guidelines and 
standards are updated with the most up to date information and technology.  
Local Governments have a duty of care to manage lands that are subjected to flooding. 
Therefore, policies, management plans, standards and guidelines are prepared. These are 
specific for the particular region and are consistent with the NSW Flood Policy and NSW 
Floodplain Development Manual (2005). This research project is within the Central Coast 
Council (CCC) area. Below are the documents that are relevant to flooding; 
• Wyong Development Control Plan 2013 (WDCP 2013)  
• Wyong Local Environmental Plan 2013 (WLEP 2013)  
• Tuggerah Lakes Estuary Management Plan 
Section 7.2 – flood planning of Wyong Local Environmental Plan 2013 (WLEP 2013) 
stipulates the development that can be consider to be built on land at or below the flood 
planning level. It must not adversely affect the flood behaviour and the environment. To 
minimise the flood risk to life and property. 
Section 7.3 – Floodplain risk management of Wyong Local Environmental Plan 2013 (WLEP 
2013) applies to land between the flood planning level and the probably maximum flood. To 
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minimise the risk of emergency services when evacuating land during in a flood that exceeds 
the flood planning level.  
Section 3 – Environmental Controls of the Wyong Development Control Plan 2013 (WDCP 
2013) details that by controlling development on flood prone land it will minimise the risk to 
human life and damage to property. Floodplains and riparian corridors will not be adversely 
impacted upon aesthetically, recreationally and ecologically valued. Compatible building 
design that considers requirements for the development of flood prone land and does not 
adversely impact on adjoining properties is promoted 
The Central Coast Council has developed an interactive mapping tool. This is for general 
public use and has many layers. The one of particular interest for this project is the extents of 
the 1 in 100-year flood or the 1% AEP flood.  
Table 1 is a list of standards and guidelines utilised and referred throughout the project.  
 
Standard /Guideline Publisher 
Australian Rainfall and Runoff Geoscience Australia 
Floodplain Risk Management Guide  
Incorporating 2016 Australian Rainfall and 
Runoff in studies 
Office of Environment and Heritage 
Floodplain Risk Management Guide - 
Modelling the Interaction of Catchment 
Flooding and Oceanic Inundation in 
Coastal Waterways 
Office of Environment and Heritage 
Wyong Development Control Plan 2013 
(WDCP 2013) 
Central Coast Council 
Wyong Local Environmental Plan 2013 
(WLEP 2013) 
Central Coast Council 
Tuggerah Lakes Estuary Management 
Plan 
Central Coast Council 
Interactive flood mapping tool Central Coast Council 
Table 1- Standards and guidelines 
 
It can be seen from the above research that every level of government has many standards, 
guidelines, policies and management plans that need to be referenced when designing or 
constructing anything.  
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 Design Software  
There is a huge range of flood modelling software available. These vary from open-source to 
fully licensed with a subscription. There are many factors that need to be consider when 
choosing which software package to use. Some of the key points to considering are; 
• Budget 
• The research question or application  
• Data inputs 
• Required results 1D or 2D 
• The detail and accuracy of these results 
• Software Support 
• Skill level required to operate software 
In many real-world problems not one software package will be able to complete all the 
requirements. This often means that a coupled model package (1D-2D) is required to get the 
most reliable results 
This case study was complex in terms of modelling as it needed to consider both rainfall 
events, wave and storm surge simulation. This narrowed the software choices to the list 
below. 
• TUFLOW  
• ANUGA  
• MIKE 
• Openflows FLOOD 
TUFLOW is a powerful computational engine that provides one-dimensional (1D) and two-
dimensional (2D) solutions of the free-surface flow equations to simulate flood and tidal wave 
propagation. TUFLOW also leads the way in 2D/1D flood modelling with unparalleled 1D/2D 
linking, flexibility, robustness and a range of features no other product provides (TUFLOW, 
2020).  
TUFLOW is applicable to river flooding, urban flooding, pipe network modelling, storm tide 
and tsunami inundation and estuarine and coastal tidal hydraulics.  
TUFLOW uses small text files to convey and control flow information and options. This is 
coupled with a GIS package that allows greater inputs and output to be re-laid back as GIS 
layers (TUFLOW, 2020).  
ANUGA was developed at Geoscience Australia and Mathematical Sciences Institute at the 
Australian National University in 2017. It is an open-source python package with some C 
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extensions (and an optional fortran extension) software that can model tsunamis and floods 
by using shallow water equation for simulations (GitHub Inc, 2020).  
ANUGA is also requires a GIS platform to allow for the data inputs to be viewed and 
analysed. Python 2.7 programming language is used to set modelling conditions and 
boundaries.  
Both ANUGA AND TUFLOW have plugins for QGIS, ArcGIS, MapInfo and SAGA. 
Depending on which GIS system being used sometime other softwares such as 12d are 
required to provide tins and surface that can be easily imported to the GIS package.  
MIKE is very similar to both TUFLOW and ANUGA. It is capable of modelling urban, coastal 
and riverine flooding both in 1D and 2d. These can be either as individual systems or as one 
integrated wholistic system. Mike has its own Graphical User Interface, allowing for easy 
data input and output as well as data preparation and analysis. There is also a GIS 
integration option. (DHI, 2020) 
OpenFlows FLOOD is new to the market of flood modelling. It was released late 2018. Its 
capabilities are similar to the three above (TUFLOW, ANUGA & MIKE). The software is able 
to simulate river flows, surface runoff, flooding in urban areas, coastal flooding and water 
quality and pollution. Numerical models are used to simulate hydraulic and hydrological 
processes. Model outputs are able to be viewed using a visually striking 3D modelling 
interface (Bentley Systems, Incorporated, 2020). 
It can be concluded from the above research that there is not one ultimate flood modelling 
package. An initial investigation is required to ensure that the package has the tools to 
complete the required tasks. The above four software packages have similar capabilities and 
outputs for coastal and estuary modelling. The operation and detailing of this are completed 
differently. Therefore, the choice of software should be based on user’s 
preferences/experience, availability of software, data inputs, required outputs and if other 







Capabilities Requirements/ Comments 
TUFLOW 1D and 2D flood modelling  
river flooding 
urban flooding  
pipe network modelling 
storm tide and tsunami inundation  
esturine and coastal tidal hydraulics 
free-surface flow equations are used 
for simulations 
Interface software required 
such as QGIS, ArcGIS, 
MapInfo and SAGA.  
 
Experience with 12d may also 
be required  
ANUGA 1D and 2D flood modelling  
tsunamis and floods modelling 
shallow water equations are used for 
simulations 
 
Python coding experience 
desirable 
 
Interface software required 
such as QGIS, ArcGIS, 
MapInfo and SAGA.  
 
Experience with 12d may also 
be required 
MIKE 1D and 2D flood modelling  
urban, coastal and riverine flooding 





1D and 2D flood modelling  
Numerical models are used to 
simulate hydraulic and hydrological 
processes 
visually striking 3D modelling 
interface 
Table 2 - Software Overview 
 
 Flood study review 
Over the years there has been many flood studies completed and investigated by many 
different people. All with diverse approaches and ideas. This research project was complex 
in the terms that it combined both estuary flooding and wave/ storm surge from the ocean. 




What is a flood study? 
According to the Australian Government Geoscience Australia website. 
“A flood study is the scientific investigation of flooding in a particular area, usually the 
catchment of a river system. It may involve hydrologic and hydraulic investigations and a 
statistical analysis of the frequency with which floods have occurred. The purpose of a flood 
study is to predict the depth of water and the extent to which it will inundate the landscape in 
a modelled flood event” 
What is wave / storm surge? 
According to the Australian Government Bureau of meteorology  
“Storm surge is an abnormal rise in sea level over and above the normal (astronomical) tide 
levels. It can be thought of as the change in the water level due to the presence of a storm. 
These powerful ocean movements are caused by strong winds piling water up against the 
coast as a cyclone approaches.” 
Due to the complexity of this project it was difficult to find flood studies that investigated the 
lowering of a sand dune with waves breaching the dune. There were many studies that 
investigated either the artificial opening or closing of ICOLLS, waves breaching berms or 
flooding within the catchment of the estuary. Therefore, these similar flood studies were 
reviewed and analysed for data collection, flood modelling techniques, model validation, 
scenarios and climate change factors 
 
2.5.1 Data collection 
Depending on the aims and objectives of the study the data collected consisted of aerial 
imagery, survey (LIDAR, laser scanning, detailed etc), bathymetry (ocean floor, lake bottoms 
and river beds), site information, catchment details, ocean tides, rainfall data and temporal 
patterns.  
The accuracy and detail of the survey and bathymetry can have major impact on the results 
of the model. There are many techniques of surveying and the element of accuracy changes 
with each process. Examples of surveying methods are LIDAR, field, laser scanning, drone 
and echo sounding. This is discussed in (Wainwright & Baldock, 2014) report when trying to 
capture the ever changing bottom of an artificial opening at Lake Tabourie. The data was not 
able to be collected and is believed to have underestimated the sediment distribution. A 
further recommendation within wainwright & Baldrock (2014) report was to obtain extra 
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bathymetry and survey at the initial stage, as this will ensure that the total area that may 
affect the flooding outcomes were captured.  
Aerial imagery was obtained and used alongside survey to help the reader visualise the 
extent and impact of the flooding and /or wave breaching. Figures such as these allow the 
reader to view model outputs easily and quickly. Every report that was reviewed had at least 
one or two figures which included data overlaid onto an aerial image. (Gallien, et al., 2013) 
Report is a great example of figures and aerial imagery use. 
The reviewed reports each had a section that described the site area. The proximity of site to 
a well-known landmark or city was provided. Physical features were defined and listed. 
Historical and background information of the lake, beach or river was included and services 
that were affected by the flooding were noted. This was important as it provided an overview 
of the site and it current flood impacts. The site description section of Morris & Turner (2008) 
report was very in depth and concise, therefore was a terrific example. 
Rainfall data, ocean tides, water levels and temporal pattern are the basis of the model. 
Along with survey data these data sets accuracies had an effect on modelling results and 
outputs. To ensure that data was reliable it was sourced from councils, governments, 
authorities and industry recognised organisations.  
In summary obtaining and reviewing data is an extremely important step within the flood 
study. It provides vital information for both the reader and the author/ modeller. The site 
description sets the seen for where the flood study was carried out. Aerial imagery and 
figures allow the author to express results and outputs visually that are easy to understand. 
Survey, bathymetry, rainfall data, ocean tides, water levels and temporal patterns are the 
basic components of a flood model and are extremely important as they dictated how 
accurate and precise the model outputs where.  
 
2.5.2 Flood modelling techniques and software 
Most reports discussed static and hydrodynamic modelling. Static flood modelling is a simple 
alternative to hydrodynamic modelling for flood mapping and relies upon a comparison of 
water level to land elevation (Gallien, et al., 2013). Hydrodynamic modelling is the study of 
fluids in motion and the forces acting on solid bodies immersed in fluids and in motion 
relative to them.  
Static modelling was used for many years but over time hydrodynamic techniques became 
the preferred option as it provided a more accurate and flexible modelling option. It allowed 
for an integrated hydrodynamic flood model that accounts for the combined effects of 
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overland flow, flood defences, dynamic sea level changes, temporal effects, temporally 
variable wave overtopping volumes and urban drainage. All static models assume flooding 
occurs instantaneously upon exceeding the overtopping threshold (Gallien, et al., 2013).  
As mentioned in the previous section. There is a large range of flood modelling software. All 
with different capabilities. Many reports discussed the use of software such as SWAN 
(simulating Waves Near –Shore) for wave modelling and TUFLOW for catchment runoff 
modelling. This was coupled with a GIS package such as ArcMAP.  
Wainwright & Baldock, (2014) used TUFLOW as their hydrodynamic modelling package. 
This software was adopted as it has been continuously developed over 20+ years. The 
software had been widely applied and validated through application to shallow water flow 
conditions and many practical flow problems. Boundary and initial conditions for the model 
were established in TUFLOW and a Digital Elevation Model (DEM) with a 4m grid was 
manipulated to incorporate the bathymetry and topography collected during the study which 
was processed in a GIS package. 
A study of Narrabeen Lagoon entrance opening used Real Time Kinematic (RTK), sub aerial 
and echo sounder survey. 38 surveys were completed weekly over a period of 12 months 
and at each change in tide. Hydrodynamic data was obtained over the same 12-month 
period. The wave modelling was undertake using SWAN (Morris & Turner, 2008). The report 
does not specify what software package was utilised to compare the survey data. It does 
state that the data was gridded to 2.5m X 2.5m grid resolution for accuracy.  
The paper ‘TUFLOW – Two & one-dimensional Unsteady FLOW Software for Rivers, 
Estuaries and Coastal Waters’ discussed and highlighted modelling inputs, outputs and 
modelling techniques for different scenarios. The embankment breached sections were of 
interest for this project. It was noted that embankment changes were implemented by 
modifying the topography. Other areas of interest were the boundary types, data validation 
checking files, model stability checks, and model calibration (Syme, 2001).  
Gallien, et al., (2018) paper discussed the importance of accurate topography. Depending on 
how the survey data was collected, this could determine how accurate the flood model was. 
LIDAR can have a vertical difference from 10 to 15cm. This report also pointed out how 
roads, walls, stormwater drainage and dunes distribute flow and need to have at ~1m 
accuracy to provide any benefit within the modelling process.  
In summary most flood modelling used the hydrodynamic method. The choice of software 
was TUFLOW and SWAN coupled with a GIS package. The accuracy and preciseness of the 
model output depended on the topography and bathymetry correctness. The above reports 
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and studies utilised the above techniques and software packages as the development had 
occurred over many years and therefore proved that it was capable of providing reliable 
results.  
 
2.5.3 Modelling Validation 
Model Validation is yet another an important step in the flood modelling process. It verifies 
that the models are performing as expected and in line with their design objectives. Potential 
limitations and assumptions are also identified.  
All reports and studies reviewed included model validation. This section of the reports 
interrogated the data, data sources, the age of the data and how it was generated. 
(Wainwright & Baldock, 2014) Calibrated the model with data that was over 20 years old and 
needed to be digitised. This meant that the accuracy of the lakes volume and water level 
were underestimated.  
TUFLOW software has inbuilt model calibration and data validation. This provides the 
modeller guidance on where to start looking for inconsistency. This also allows the modeller 
to visually investigate the data which is easier and allows for quicker solution (Syme, 2001) 
Therefore, it can be summarised that the model validation is yet another vital step in the 
modelling process. How the model is validated will depend on how the data set was obtained 
and what data was available for the checking process.  
 
2.5.4 Scenarios 
From the reports multiple scenarios were assessed. The initial conditions were assessed 
firstly to ensure that the model was simulating the current conditions correctly. These were 
used in the latter stages of the modelling for a comparison to the simulated results. 
Many studies compared rainfall events and others compared field survey. Either way there 
was usually a large set of data and events to view. (Morris & Turner, 2008) collected onsite 
RTK survey over a period of 12 months whereas (Gallien, et al., 2013) implemented data 
collect from different agencies and authorities.  
Determining what scenarios were required for each project depended on the aim and 
objectives. An initial conditions model was one scenario that was never excluded in the 




2.5.5 Climate Change Factors 
Climate change has been spoken about for many years. The effects have been study for well 
over 20 years. Predicted sea level rises along with the changes to the intensity and 
frequency of storms and rainfall events are all major concerns for coastal communities. The 
need for increasingly accurate flood prediction is becoming absolutely necessary to protect 
these communities. 
When undertaking a flood study, the increase in sea levels needs to be considered as a 
minimum requirement. The predicted increase in levels is anywhere from 0.28 – 0.98 by 
2100. These levels greatly affect the berm heights as the wave runup area to allow for these 
increases needs to become longer and therefore pushing the berm further inland (Gallien, et 
al., 2018).  
 
 
Figure 9 - Predictions of berm changes due to rise in sea levels (Gallien, et al., 2018) 
 
ARR 2019 has a complete section that details the impacts of climate change on design flood 
estimation refer Book 1, Chapter 5, Section 10 for details. Currently design guidelines use 
the 1% AEP for flood planning and dictating floor levels. A climate change factor needs to be 
applied to this level for all coastal and estuary flood modelling. This determines how much 
additional flooding could occur. What percentage of increase factor is determined by the 
ARR and council’s climate change risk assessment tools. 
For this research project investigating climate change was important, as the report was 
lowering the sand dune while sea levels were predicted to increase. When the predicted sea 
levels are at their highest in the future, this may lead to increased regular wave breaches and 
localised flooding for Budegwoi Rd A49. The levels and velocities may be very damaging and 




 Literature review summary 
In conclusion the literature review researched the history of Budgewoi Beach and Lake, 
investigated design standards and their application to the project, listed software that had the 
capability to complete the required modelling and analysed previous flood studies. 
Budgewoi Beach and Budgewoi Lake’s history proved that the area had endured many years 
of neglect. This was due to Central Coast Council not completely understanding the 
complexities and sensitivity of the system. This lead too many misinformed poor decisions 
which compounded the problems and issues. Filling and reshaping ‘the Gap’ are a good 
example of this. 
Over the last 40 years many new management plans, guides and standards have been 
introduce into the engineering industry. The research demonstrated that to complete this 
project many standards, guidelines, policies and management plans needed to be 
referenced and consulted. These provided guidance and examples.  
From the above research it was concluded that there was not one ultimate flood modelling 
software package. The correct choice of software depended on the user’s 
preferences/experience, availability of software, data inputs, required outputs and if other 
supporting software was needed. The reviewed flood studies from section 2.5.2 utilised 
hydrodynamic modelling approach and software packages TUFLOW and SWAN coupled 
with a GIS package. This combination was chosen as reliable results were obtained. The 
software is continuously developing providing the newest technology which gains better 
accuracy and preciseness of the model outputs.  
It can be summarised from section 2.5.1 that obtaining and reviewing data was an extremely 
important step within flood study. This determined how accurate and precise the model was. 
To ensure that the data was of a high standard the source from which the data was obtained 
needed to be creditable. 
The review of previous flood studies noted many important factors that were considered 
within the flood study. These included model validation, initial conditions model and climate 
change factors. If these were not taken into account, the research project would not be 




 - Methodology 
 Overview 
The aim and objectives of this research project were to determine the dune height, location 
and how the breaching waves and flooding of the estuary would impact the local road 
Budgewoi Rd (A49). This project had two components that needed to be considered when 
modelling. The first was the estuary, Budgewoi Lake and the second was the wave and 
storm surge from Budgewoi Beach.  
 
 Site description 
The area of interest for this project was the Budgewoi Beach coastline between Coloma Rd 
and Lakes Beach Surf Club. The subject area was about 1km in length and 200m wide at the 
narrowest point. This area consisted of sand dunes, wetlands and coastal vegetation.  
Budgeowi Rd (A49) runs parallel to the back of the sand dunes but raised in height varying 
from 0m to ~1m above existing. The Darren Smith Memorial Cycleway is in the vicinity and 
meanders its way along the lake side keeping a minimum 10m offset from the edge of the 
road. Four carparks and beach accesses are within the 1km stretch. They are asphalt 
construction with little to no drainage. 
The section of coastline was highly disturbed back into 1960 and 70’s due to sand mining 
and bad decision making by the local council. Reshaping and revegetating were completed 
with very little consideration of the fragile environment and with a restricted budget. 
 
 Flood modelling technique approach and software 
The previous chapter discussed in depth the many techniques and software options available 
for flood modelling. Based on this the approach taken was to use three (3) different 
software’s in collaboration. The software packages where 12d, TUFLOW and QGIS.  
12d was utilised to manipulate the existing coastline surface. A new mesh was created for 
each change in height. This software was chosen due to the factor that the modeller had 
extensive experience and understanding of the packages capabilities and allowed for DEM 
surfaces to be easily exported and used within TUFLOW.  
TUFLOW was chosen for the estuarine and coastal tidal hydraulics modelling. It is widely 
used throughout the engineering community and known for its stability and continuous 
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improvement. TUFLOW is able to model 1D/2D simulations. Small text files were created to 
convey and control flow information and options.  
QGIS was coupled with TUFLOW to provide the GUI for simulations, mapping and visual 
interpretation of the results. QGIS is an Open Source Geographic Information System (GIS) 
licensed under the GNU General Public License. QGIS is an official project of the Open 
Source Geospatial Foundation (OSGeo).  
Both TUFLOW and QGIS were chosen for this project as they are widely used within the 
industry and the modeller was able to gain access easily and regularly. The modeller had 
limited experiences with GIS, but support and guidance were available as the modeller was 
working within the industry. Colleagues, literature and online tutorials were consulted when 
issues were encountered.  
 
 Flood modelling standards adopted 
Chapter 2 discussed that Standards are referenced for all aspects of engineering. Standards 
provide guidance and examples for all procedures, modelling, construction and testing.  
The ARR is a national guideline document, data and software suite that can be used for the 
estimation of design flood characteristics in Australia. ARR 2019 is the latest version of the 
guideline and the updates within have totally changed the approach to flood estimation. The 
ARR 1987 was mainly concerned with the peak flow estimation whereas the 2016 versions 
scope and philosophy are to include the latest advances in knowledge regarding flood 
processes, the increased computational capacity available to engineering hydrologists, 
expanding knowledge and application of hydro informatics. 
As noted in Chapter 2 the ARR consists of 9 books. Each book covering a different aspect of 
the flood estimation process. Each of the books was consulted throughout the modelling 
process but the following books were consulted regularly for guidance and standards.  
• Book 1 – Scope and Philosophy 
• Book 2 – Rainfall Estimation 
• Book 3 – Peak Flow Estimation 
• Book 4 – Catchment Simulation for Design Flood Estimation 
• Book 5 – Flood Hydrograph Estimation 
• Book 6 – Flood Hydraulics 
• Book 7 – Application of Catchment Modelling System 
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Floodplain management guide was used extensively as it supplied guidance with the 
appropriate steps which should be followed when modelling coastal and estuary flooding. 
The plan included examples and templates of the minimum requirements necessary to 
document the methods and assumptions used to derive the lake and ocean boundary 
conditions.  
 
 Model Development 
Computer models are the most accurate, cost-effective and efficient tools to assess a 
catchment’s flooding behaviour. For this study a 2d hydraulic model was established. 
Information on the topography and characteristics of the catchments, watercourses and 
floodplains were built into the model. Recorded historical flood data, including rainfall and 
flood levels were used to simulate and validate (calibrate and verify) the models. The model 
produced as outputs, flood levels and flow velocities. 
Development of the hydraulic model followed a relatively standard procedure: 
1.  Discretisation of the catchment, watercourses, floodplain, etc. 
2.  Incorporation of physical characteristics (river cross-sections, floodplain levels, 
structures etc). 
3.  Establishment of hydrographic databases (rainfall, river flows, flood levels) for historic 
events. 
4.  Calibration to one or more historic floods (calibration is the adjustment of parameters 
within acceptable limits to reach agreement between modelled and measured 
values). 
5.  Verification to one or more other historic floods (verification is a check on the model’s 
performance without further adjustment of parameters). 
6.  Sensitivity analysis of parameters to measure dependence of the results upon model 
assumptions. 
Once model development was completed it was then used for: 
• Establishing design flood conditions; 
• Determining the lowered sections of the dune’s location, height and length 




3.5.1 Model Data 
The model development for this project required access to a range of data. This was 
obtained from many sources and free websites. This project was supported by the Central 
Coast Council and was supplied GIS data. The ELVIS – Elevation and Depth – Foundation 
Spatial Data and AODN – Open Access to Ocean Data were utilised for both existing 
surfaces and ocean data. 
Refer Chapter 4 and Table 13 for further details on data resources and management 
 
3.5.2 Rainfall and Runoff data  
All flood modelling and estimations rely on rainfall data inputs to predict the flood extents. 
ARR data hub website was accessed to obtain this information. The latitude and longitude of 
the Budgewoi Beach was used as the reference location on the ARR data hub. Refer Figure 
10 for Budgewoi’s Beach positioning information. The Rainfall for the site was obtained from 
estimates provided by the Bureau of Meteorology which can be viewed from Figure 11 
 
 
Figure 10 - Latitude and Longitude of Budgewoi Beach 
 
The ARR data hub results were two zip files that contained storm event data for the southern 
part of the East Coast of Australia. The information included; 
• Rainfall depths 
• Storm event frequency (i.e. rare, intermediate, frequent) 
• Burst duration 
• Bust start and end time 
• Bust date 
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• Storm event ID  
• Official Gauge number / ID 
• Latitude and Longitude 
 
 
Figure 11 - Rainfall Data from BOM 
 
3.5.3 Historical Flooding 
Historical records indicated that Budgewoi lakes water levels increased due to heavy rainfall 
within the catchment. This increase would inundate low lying areas and in some cases 
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properties. Data collection for the Tuggerah lake system began in 1929, within that time the 
lake has endured several major floods. In 1949 the highest lake level was recorded reaching 
RL 2.1m AHD. In recent years the lake has reach 1.60m in February 1990 and 1.65m in June 
2007.  
Water level gauges were installed at Toukley Bridge and Killarney Vale in 1985. These 
provided accurate flood data and were used to obtain the peak water levels in the study 
undertake by Lawson and Treloar (1994) (WMA Water, 2014) 
WMA Water (2014) report documented the 1%, 5%, 20% and 50% AEP flood behaviour. 
Below is a table of flood levels for each of the above events  
 
Event Flood level (m AHD) 
PMF 2.70 
1% AEP 2.23 
5% AEP 1.80 
20% AEP 1.36 
50% AEP 0.91 
Table 3  Budgewoi Lake Flood levels 
 
The Lawson and Treloar flood study found that a significant lag time between the flood peak 
upstream of Wyong and the peak water levels within the lake. This was due to obstruction of 
flow through various road and railway crossings, and the substantial overbank flood storage 
areas in the lakes and floodplain downstream of Wyong. The study found that the 1% design 
flood level for Tuggerah Lakes was at RL 2.23m AHD and this occurred 40hrs after the start 
of rainfall event. The 48hr duration being critical storm event (WMA Water, 2014). 
 
3.5.4 Design Lakes Boundary  
As stated previously Budgewoi Lake is part of the Tuggerah lake system. The catchment for 
the entire system is approximately 710km2. Due to the size of this catchment, to determine 
the lake boundary conditions several reports were referred and integrated. These reports had 
previously investigated Tuggerah lakes as an entirety and provided vital data to undertake 
this study.  
All reports stated that the 1949 storm event caused the largest flood level. However, there 
was very little data available for this storm. The June 2007 stormwater has recorded the 
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highest lake level (1.65m) since the installation of water level gauges. This storm event also 
produced large swells and damaging winds.  
As mention in the previous section (3.5.3) the Lawson and Treloar flood study found that the 
1%AEP flood design level for Budgewoi Lake is RL 2.23m AHD. This was the only level 
adopted for the catchment modelling component of the report, as it was the worst-case 
scenario for the catchment and was the only height of interest for the report.  
Budgewoi Lake has an initial water level ranging from 0.1 – 0.5m. With such a large variance 
this affects the temporary floodplain storage capacity. This fluctuates with seasons and 
rainfall events. There are two water gauges within Budgewoi Lake. They are located at 
Wallarah Creek Bridge and Toukley Bridge. The data can be viewed on the Manly Hydraulic 
Laboratory website and downloaded as a .csv. For this report the average water level of 




Figure 12- Budgewoi Lake level at Wallarah Creek Bridge 
 
Land use with the study area consisted of wetland vegetation, coastal dune bushes, road 
pavement, concrete footpaths and asphalt carparks. These areas were derived from aerial 
photography, cadastral boundaries and site observations. Different regions were digitised 
into land-use polygons representing zones of similar loss characteristic. The 2D roughness 
was generally parameterised in terms of Manning’s ‘n’ value. The values for this study were 
adopted from Australian Rainfall and Runoff - Project 15 Two-Dimensional Modelling in 







Land use Type Manning’s ‘n’ 
Paved roads / carparks/ 
driveways 
0.02 – 0.03 
Lakes 0.015 - 0.35 
Estuaries / Ocean 0.02 – 0.04 
Concrete shared paths 0.015 – 0.02 
Table 4 - Manning’s 'n' Values (Engineers Australia - Water Engineering, 2012) 
 
3.5.5 Design Ocean Boundary 
To determine the ocean boundary conditions the Floodplain Risk Management Guide: 
Modelling the Interaction of Catchment Flooding and Oceanic Inundation was utilised. The 
guide was based on a series of steps: 
• gathering and reviewing available information  
• determining the waterway entrance type  
• selecting a modelling approach  
• considering entrance morphology and management  
• modelling the ocean water level boundary  
• translating the ocean boundary to the study boundary or site location, in the limited 
cases where this may be needed  
• considering relative timing of catchment flooding and oceanic inundation  
• determining design flood level  
• sensitivity testing  
• advice for incorporating changes into sea level in assessments  
Tuggerah Lakes is classified as an ICOLL (Intermittently Closed and Open Lakes and 
Lagoons) by the Estuaries of NSW website. The site allocates each estuary a classification. 
As Budgewoi Lake is one of three interconnecting lakes within the Tuggerah’s lake system 
the water way entrance type is classified as ‘Type C’ and ‘Group 4’. Please refer Figure 13 
for details from the Floodplain Risk Management Guide: Modelling the Interaction of 





Figure 13 - Water way Entrance Types 
 
“Group 4 definition - Intermittently Closed Estuaries - (also known as intermittently closed 
and open lakes and lagoons (ICOLLs). These are coastal water bodies that become isolated 
from the sea for extended periods, e.g. Dee Why Lagoon, Lake Conjola)” 
The modelling approach for the ocean water level boundaries utilised the general method 
describe within the Floodplain Risk Management Guide: Modelling the Interaction of 
Catchment Flooding and Oceanic Inundation.  
This approach aimed to derive design flood levels and flow velocities across a range of flood 
events. It was a conservative approach but achieved the objectives of the report. Once the 
method and water way entrance were chosen a peak design level was adopted. From the 
(State of NSW and Office of Environment and Heritage, 2015) Figure 14 and Figure 15 were 





Figure 14 - Peak ocean design level 
 
 
Figure 15- Location of ocean buoys and tide gauges relative to Crowdy Head 
 
All flood studies require design of still ocean water levels. A local ocean tide gauge with 
historical records can be used. If this is not available, the peak elevated oceans derived from 





Figure 16 - Fort Denison Peak levels 
 
According to the floodplain risk management guide, tide water’s increase from south to the 
north and this variable needs to be considered when modelling. If the site is south of Crowdy 
Head no adjustment is required, but if the site is to the North a 0.1m increase to levels is 
recommended. These are documented in Figure 17. Budgewoi Lake is south of Crowdy 
Head and therefore does not require any adjustment. 
 
Figure 17- Peak design levels for various locations 
 
The ocean level changes with tides. The tidal change happens over a 12hr and 25 min 
timeframe with a 10 days cycle. The flood data portal on the OEH website provides 
numerical modelling data for ocean water levels and time series for boundary conditions. 
This is based on a time series of the May 1974 storm as recorded at the Fort Denison gauge 
in Sydney Harbour. This event time series is considered an appropriate basis for modelling 
as it is representative of an historical storm of similar peak magnitude and duration to test the 
impact of oceanic inundation on both storage volume and flood levels within the waterway 
(State of NSW and Office of Environment and Heritage, 2015). 
For this report the 1% AEP, 5% AEP and NEAP tide data was utilised. Please refer Figure 















Figure 20 –Spring and NEAP tide Ocean water levels and time series graph (State of NSW and Office of 
Environment and Heritage, 2015) 
The ocean boundary conditions for the ‘the Gap’ are tabulated in Table 5. The table outlines 
the minimum information necessary to document the methods and assumptions used to 
derive the ocean boundary conditions in accordance with Floodplain Risk Management 




Table 5- 'The Gap' Ocean boundary conditions 
 
 
Name of waterway Tuggerah Lakes  
Location Budgewoi Lake 
Purpose of assessment Develop downstream boundary for flood study 
Local Council Central Coast Council 
1. Available information informing 
this assessment 
Refer to Chapter 2  
 Adopted 
methodology/Figures  
Reasoning/reference/source of information  
2. Waterway entrance type C  Group 4 ICOLL lake system 
3. Selected approach Simplistic Site Specific Assessment 
4. Entrance condition and 
management 
N/A Partially open and trained entrance – Not near 
study area  
5. Modelling the ocean water level 
boundary 
  
North or south of Crowdy Head South – Refer Figure 15 Budgewoi Beach – location south of Crowdy 
Head 
Peak design ocean boundary 
water level 
1% Ocean Water Level – 
2.55m  
5% Ocean Water Level – 
2.35m  
 
Static or dynamic analysis Static  
Initial water level conditions in 
estuary 
0.25m Obtained from MHL water gauge  
Wallarah Creek Bridge (211420) 
https://mhl.nsw.gov.au/Data-Level 
6. Translating the ocean boundary 
to study boundary 
  
Adjustment Nil   
Method used/source N/A N/A 
7. Relative timing of catchment 
flooding and oceanic inundation 
  
Peak Catchment with 
static/dynamic Ocean 
Static Aligned at ‘The Gap’ location 
8. Determining design flood levels   
Design AEP 1%  5%   
Design flood envelope  1%  
9. Incorporating sea level rise   
Councils adopted projections Available  Council adopted SLR projections 
Adjustment made to: 
- Boundary conditions 
- Ocean still water level 
heights 
 550mm by 2050 year 





3.5.6 Wind and wave setup  
To determine the wind and wave set up several reports, management plans and guidelines 
were referenced.  
Water levels at the shoreline result from a combination of the astronomical tide, barometric 
water level set up, wind set up, wave set up and wave run-up. The amount of wave set up 
depends on many factors, including the type, size and period of the waves, the near shore 
bathymetry and the slope of the beach and foreshore. Typically wave set up on an open 
coast beach during severe storms is 1 to 2 metres. Wave run up depends on wave height 
and period, foreshore profile and slope, surface roughness and other shoreline features 
(Umwelt Australia Pty Ltd, 2011). 
The central coast of NSW experiences high wave energy. The predominant wave direction is 
from the southsouth-east, with 70 per cent of swell waves from this direction. The average 
deep-water significant wave height is 1.5 metres, with a period of 9 seconds. During storms, 
much higher waves approach the coast.  
NSW government (Manly Hydraulics Laboratory) has recorded offshore swell wave climate 
has been for many years. For this study a wave height of 1.5m on top of the 5% AEP, 
1%AEP and neap tide ocean still level was implemented.  
 ‘The Gap’ has adopted the June 2007 storm event as the extreme storm surge event, with a 
significant wave height of 6.9 metres and a maximum wave height duration of 36 hours. 
During this storm event the Sydney waverider buoy measured a maximum wave height of 
14.13m at the peak of the storm.  
 
Figure 21 -June 2007 storm event significant and maximum wave heights 
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Table 6 is a summary of the wave and wind setup design parameters that were implemented 
for the modelling components of this report.  
Event Flood level 
(m AHD) 
Wave run up  
(m AHD) 
Total height  
(m) AHD 
5% AEP 2.35 1.5 3.85 
1% AEP 2.55 1.5 4.05 
Table 6 - Overview of Ocean levels 
 
 Model Validation 
The selection of suitable historical events for calibration of computer models is largely 
dependent on available historical flood information. Ideally the calibration and validation 
process should cover a range of flood magnitudes to demonstrate the suitability of a model 
for the range of design event to be considered. 
Budgewoi Lake has historical data from 1927. The records disclose that heavy rainfall over 
the catchment resulted in the lake level rising and inundation of low-lying land occurred. The 
highest lake level within the historical data was record in 1949 at 2.1m AHD. In 1985 water 
level gauges were installed at Toukley Bridge and Killarney Vale water level gauges were 
installed. Since then the major events in June 2007 and Feburary 1990 record level of 1.65m 
AHD and 1.60m AHD (WMA Water, 2014) 
WMA Water (2014) report documents the 1%, 5%, 20% and 50% AEP flood extents. The 
model calibration therefore is based on the 1% AEP data. The Central Coast Council online 
mapping tool was consulted to obtain the flood extents graphically. 
The Lawson and Treloar report stated that the critical storm for the catchment was at the 48-
hour time step. The peak flood water level of 2.23m AHD was at the 40hr mark after the 
rainfall event had begun. Refer Figure 22 for data 
The TUFLOW model used a HT (head verse Time) boundary condition to obtain the 1%AEP 
extents. The time and water level input for the model was obtained from the below scatter 
graph from the WMA Water (2014) report.  
The model was found to provide a good representation of the observed flood behaviour in 





Figure 22 - June 2007 Historical Flood Hydrographs 
 
 





Figure 24 - Model validation outputs 
 
 Sand Dune Geometry 
The geometry of a coastal sand dune is determined from the wind, constructive waves and 
sea currents. Onshore winds transport sand material up onto the drier, higher surfaces to 
shape the berm. Referring Figure 25 each dune will have a slope smoothly rising to a crest 
(windward face). The back side of the dune is a steeper slope and usually sheltered (leeward 
side). 
Over time these dunes will become vegetated and holding the dunes in place. When large 
storm events occur, the seas sweep the beach and undercut the dune. The whole process 
will repeat over and over again (Australian National Botanic Gardens and Centre for 




Figure 25 -Characteristics of sand dunes 
 
The existing sand dunes along Budgewoi beach within the area of interest are different to the 
above. The leeward side is not as steep as the windward. During major storm events the 
windward slope suffers from serve erosion. The Leeward side is vegetated with coastal flora 
such as pigface, Coastal Rosemary, sea rocket and many more. Refer to section 3.7.1 for full 
geometry details 
Budgewoi beach is classified as a high energy wave beach front. Which means that the wave 
power dissipates by running up the beach (wave setup). The amount of run-up required will 
depend on the swell size, wind and slope  
In July 2020 during the study of ‘the Gap’ two East Coast low pressure systems occurred on 
the Central Coast. These bought damaging winds, rainfall and storm surge tides. Many of the 
local beaches experienced server erosion and sand dune removal. At Budgewoi Beach 
access tracks and viewing platforms were taken by the sea. The dune was eroded so much 
that a near vertical 5m face was left on the ocean side. Thus, changing the dune shape 
dramatically. The below photos demonstrate the process of dune removal and placement 






Figure 26 - Photo 01 dune erosion from July 2020 East Coast Low 
 
 





Figure 28 - Photo 03 5m near vertical face of dune after July 2020 East Coast Low 
 
 
Figure 29 - Photo 04 viewing platform dangling off the dune after July 2020 East Coast Low 
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3.7.1 Existing geometry 
The Sand dune at ‘the Gap’ and surrounding area is approximately at RL 7.5m AHD with a 
crest width of 2.5m. The windward slope is on average 20% (5H:1V) but this does vary at 
each end of the area of interest. The leeward side is not as steep with an average slope of 
16.6%. At the northern end the dune is lower, and the crest is double the width. The existing 
sand dune geometry for Budgewoi Beach is noted in Table 7  
 
Component Characteristic 
Wind direction  East 
Windward face slope (%) 20%     1V:5H 
Leeward slope (%) 16.6%     1V:6H 
Crest height RL (m) AHD Average RL 7.5m AHD 
Bottom of Dune RL (m) AHD Windward 
side 
Average RL 2.5m 
Bottom of Dune RL (m) AHD Leeward 
side 
Average RL 2.7m 
Crest width (m) Average 2.5m 
Table 7 - Existing Sand Dune Geometry 
 
3.7.2 Design geometry 
The reshaping of the sand dune for the TUFLOW modelling was completed using software 
package 12d. This allowed for the model to use different design berm heights. The existing 
surface was manipulated as the sand dune was lowered by 500mm increments.  
The process of lowering the dune consisted of draping a string along the dune crest line. It 
was offset from the existing surface by a range of 500mm to 4.0m and then a flat crest was 
remodelled. A 3d surface was create of both the remaining existing untouched area and the 
lowered berm section.  
The berm was lowered to a maximum of 4.0m below its original level which is approximately 




Figure 30 - modified sand dune typical sections 
 
 Design Scenarios 
Many standards, guidelines, management plans and other flood studies provided examples 
of design scenarios that were considered when completing this flood study. The main point of 
modelling different scenarios was to ensure that the aim and objectives of the report were 
achieved. Below is an example of possible combinations, this was sourced from the 








Only one design event was modelled to define catchment flood. The 1% AEP was adopted 
as this is used for flood planning levels and classified as the ‘worst case’. 
The adopted ocean boundary conditions for ‘the Gap’ including the 1% AEP, 5% AEP, NEAP 
Tide and June 2007 storm surge events.  
Whilst there may be a disparity in timing between the peak of catchment flooding and 
oceanic inundation, for simplicity of modelling the recommendation is to adjust the alignment 
of the peak of the catchment flood hydrograph and the peak of the ocean boundary condition 
hydrograph to coincide at the key location of interest in the waterway or an appropriate point 
in the catchment. 
A range of design events was defined to model the behaviour of coincident flooding within 
‘the Gap’. An overview of adopted model conditions for these design events were presented 
in Table 8 and Table 9 






Peak lake Level  
(m) AHD 
Peak Ocean still 
water level  
(m) AHD 
1% AEP 5% AEP 2.23 2.35 
1% AEP 1% AEP 2.23 2.55 
1% AEP NEAP Tide 2.23 1.03 
1% AEP June 2007 2.23 6.90 






Peak lake Level  
(m) AHD 
Peak Ocean Wave 
Height (m) AHD 
1% AEP 5% AEP 2.23 3.85 
1% AEP 1% AEP 2.23 4.05 
1% AEP NEAP Tide 2.23 2.53 
1% AEP June 2007 2.23 6.90 




 Climate Change 
The potential impacts of climate change and the associated ramifications will vary 
significantly with location. The NSW Government has published guidelines on the practical 
consideration of climate change (State of NSW and Office of Environment and Heritage, 
2015).  
Increasing mean sea level over time will have two primary impacts within and adjacent to 
tidal waterways: 
• increasing still water levels over time and 
• Subsequent recession of unconsolidated shorelines. 
Whatever climate change scenario was adopted it could be exceeded in the future as climate 
change continues. Therefore, the precautionary principle suggested consideration of the full 
range of scenarios (Department of Environemnt and Climate Change, 2007). 
• 0.18m (Low Level Ocean Impacts) 
• 0.55m (Mid-Range Ocean Impacts) 
• 0.91m (High Level Ocean Impacts) 
To test the implications of sea level rising it is best practice to examine a specific design 
event. This is usually the 1 % AEP flood as it defines the flood planning levels with the 
appropriate freeboard (State of NSW and Office of Environment and Heritage, 2015).  
For lake systems that are classified as ICOLLs the effect of sea level rising can be assessed 
by directly adding the predicted water levels increases to the following 
• Ocean water level boundary conditions 
• Starting conditions for entrance configurations 
• Initial water level conditions in the water way 
For this study the mid-range (550mm) level was adopted for the 2050 year and the high level 
(910mm) range of sea level rising was adopted for 2100 year for the ocean boundary only. 















still water  
(m) AHD 
1% AEP 5% AEP _2050 2.23 2.90 
 
1% AEP 1% AEP_2050 2.23 3.10 
1% AEP NEAP Tide_2050 2.23 1.58 
1% AEP June 2007_2050 2.23 7.45 
1% AEP 5% AEP _2100 2.23 3.26 
1% AEP 1% AEP_2100 2.23 3.46 
1% AEP NEAP Tide_2100 2.23 1.94 
1% AEP June 2007_2100 2.23 7.81 












1% AEP 5% AEP _2050 2.23 4.40 
1% AEP 1% AEP_2050 2.23 4.60 
1% AEP NEAP Tide_2050 2.23 3.08 
1% AEP June 2007_2050 2.23 7.45 
1% AEP 5% AEP _2100 2.23 4.76 
1% AEP 1% AEP_2100 2.23 4.96 
1% AEP NEAP Tide_2100 2.23 3.44 
1% AEP June 2007_2100 2.23 7.81 
Table 11 - Climate Change adjustments for 'The Gap' wave height levels 
 
 TUFLOW and QGIS Model 
The flood modelling for this report was completed using the combination of TUFLOW, QGIS 
and 12d. The flowing paragraphs broadly describe the steps and components required to 
undertake the flood modelling works. 
TUFLOW used small text files to convey and control flow information and options. This was 
coupled with a GIS package that allowed greater inputs and output to be re-laid back as GIS 
layers (TUFLOW, 2020).  
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TUFLOW required a minimum of three different file extensions to run a simulation. These 
were  
• ‘.tbc’ = TUFLOW boundary condition file 
• ‘.tgc’ = TUFLLOW geometry control file 
• ‘.tcf’ = TUFLOW control file  
12d was utilised to create 8 new DEM surfaces for each 500mm increment drop in sand 
dune height. A geometry file was developed per surface and the DEM files were referenced 
for the dune dimensions. A copy of each DEM was placed in the TUFLOW\model\grid 
location. This ensured that all data would be accessible if the TUFLOW model was moved 
from its original location. The control file of each different design scenario referenced the 
appropriate geometry files.  
The control file required a boundary condition file (.tbc). The boundary condition was 
established and linked to QGIS model. This allowed TUFLOW to have different flood 
modelling options and approaches for each upstream and downstream component. For ‘the 
Gap’ model a HT (head verse Time) boundary condition was established for both the lake 
and Ocean. This was placed at the edges of the study area perpendicular to the flow. The HT 
boundary provided a realistic flooding outcome for this small area of a much larger 
catchment.  
The boundary data was defined by the boundary condition database csv (bc_database.csv) 
file. The model referred this for the water level and time for both HT boundaries. When the 
HT was created in QGIS the layer attributes required a unique name. This name was then 
added to the bc_database file and associated with the correct water level verse time 
information graph. 
A control file (.tcf) was created for each storm event and the proposed height of the sand 
dune. The file referred the boundary condition file, geometry file, materials file and bc 
database. The text files supplied model time settings, model outputs, initial conditions, 








Data  Flood Input 
Projection WGS_1984_UTM_Zone_56S 
Time step 1.0 s 
Start time 35 hr 
End time 45 hr 
Initial water level (IWL) 0.25 m AHD 
Wet and Dry depth 0.0002 
Outputs Levels, Velocities, Unit 
Flows, Depths, Mass Error, 
Z1 
Output Interval 3600 s / 1 hr 
Check files yes 
Table 12 - Control file summary 
 
QGIS was coupled with TUFLOW and provided the GUI for this flood study. Inputs and 
outputs were constructed with GIS layers. The TUFLOW plugin within the QGIS allowed for 
the simulation to run and be viewed all within the one software package. 
TUFLOW uses small text files to convey and control flow information and options. This is 
coupled with a  
‘The Gap’ model imported GIS layers which were supplied from CCC. A combined DEM of 
bathymetry and topography was used for the existing surface. 12d was utilised to manipulate 
the surface at the sand dune site. Each new surface was imported back into QGIS.  
The TUFLOW plugin loaded results depicting depths, velocities, levels, HAZARD 
CLASSIFICATION and unit flows. This was a seamless approach and very user friendly.  
For examples of the text files, bc_database and material files that were created for this report 
please refer Appendix B. A full list of all project files can be viewed within the data 




 - Data management 
 Data sources 
Data was sourced from several locations. The main source was Central Coast Council (CCC) 
GIS team. To protect CCC information a Data Sharing Agreement (DSA) was put in place to 
allow access and the use. Please refer Appendix C to view the agreement 
Other sources utilised were open source websites such as  
• ELVIS – Elevation and Depth – Foundation Spatial Data 
• AODN – Open Access to Ocean Data 
• Online mapping https://maps.centralcoast.nsw.gov.au/public/ 
 
 Data Review  
Chapter 2 Section 2.5.1 documented that model integration and review was a vital step in the 
model development. It was noted that more accurate the data, the better the flood modelling 
results. A thorough check of all existing data was undertaken. The supplied and open 
sourced data was imported into QGIS and 12d. The data was integrated for any 
inconsistences and errors. Below is a list of data checks that were completed 
• Co-ordinate system / projection 
• 3d information 
• Age of data 
• Errors within data 
• Inconsistent points / areas 
• Gaps within the data 
The whole combined data set was reviewed to determine if there was any gaps or missing 
data that was required to complete the modelling aspect of the research project.  
The lake bathymetry was from 1979 and completed with single beam laser survey. This 
resulted in a very jagged DEM. This allowed for holes at the shoreline where the lake 
bathymetry and existing topography merged. To eliminate the holes Council was contacted 
and asked if a later version of the area was available. The council was able to provide an 
updated version. The updated version of data was a combination of both bathymetry and 




 Data Management 
The management of data was very important as the model was a main component of this 
























Model Validation 001.tbc 
Model Validation 001.tgc 
Model Validate 001.tcf 
Materials Model Validation 001.csv 
bc_dbase.csv 
DEM_1x1_grd clipped.asc 
This model was 
to validate and 
calibrate  





files for all 
sand dune 
heights 
Berm lowered 0.5m.tgc 
Berm lowered 1.0m.tgc 
Berm lowered 1.5m.tgc 
Berm lowered 2.0m.tgc 
Berm lowered 2.5m.tgc 
Berm lowered 3.0m.tgc 
Berm lowered 3.5m.tgc 
Berm lowered 4.0m.tgc 
 














1%AEPlake_JUNE 2007 Storm.tbc 
1%AEPlake_JUNE 2007 Storm_2050.tbc 
1%AEPlake_JUNE 2007 Storm_2100.tbc 
1%AEPlake_NEAP Tide Storm.tbc 
1%AEPlake_NEAP Tide Storm_2050.tbc 




TUFLOW –  
Control files 
 




the gap 1%AEP lake 5%AEP ocean _bermlowered0.5m.tcf 
the gap 1%AEP lake 5%AEP ocean _bermlowered1.0m.tcf 
the gap 1%AEP lake 5%AEP ocean _bermlowered1.5m.tcf 
the gap 1%AEP lake 5%AEP ocean _bermlowered2.0m.tcf 
the gap 1%AEP lake 5%AEP ocean _bermlowered2.5m.tcf 
the gap 1%AEP lake 5%AEP ocean _bermlowered3.0m.tcf 
the gap 1%AEP lake 5%AEP ocean _bermlowered4.0m.tcf 
the gap 1%AEP lake 5%AEP ocean 
_bermlowered4.0m_2050.tcf 
the gap 1%AEP lake 5%AEP ocean 
_bermlowered4.0m_2100.tcf 
the gap 1%AEP lake 1%AEP ocean _bermlowered0.5m.tcf 
the gap 1%AEP lake 1%AEP ocean _bermlowered1.0m.tcf 
the gap 1%AEP lake 1%AEP ocean _bermlowered1.5m.tcf 
the gap 1%AEP lake 1%AEP ocean _bermlowered2.0m.tcf 
the gap 1%AEP lake 1%AEP ocean _bermlowered2.5m.tcf 
the gap 1%AEP lake 1%AEP ocean _bermlowered3.0m.tcf 
the gap 1%AEP lake 1%AEP ocean _bermlowered4.0m.tcf 
the gap 1%AEP lake 1%AEP ocean 
_bermlowered4.0m_2050.tcf 
the gap 1%AEP lake 1%AEP ocean 
_bermlowered4.0m_2100.tcf 
the gap 1%AEP lake NEAP Tide ocean 
_bermlowered0.5m.tcf 
the gap 1%AEP lake NEAP Tide ocean 
_bermlowered1.0m.tcf 
the gap 1%AEP lake NEAP Tide ocean 
_bermlowered1.5m.tcf 
the gap 1%AEP lake NEAP Tide ocean 
_bermlowered2.0m.tcf 
the gap 1%AEP lake NEAP Tide ocean 
_bermlowered2.5m.tcf 
the gap 1%AEP lake NEAP Tide ocean 
_bermlowered3.0m.tcf 
the gap 1%AEP lake JUNE 2007 ocean _bermExst.tcf 
the gap 1%AEP lake JUNE 2007 ocean 
_bermlowered0.5m.tcf 
the gap 1%AEP lake JUNE 2007 ocean 
_bermlowered1.0m.tcf 
the gap 1%AEP lake JUNE 2007 ocean 
_bermlowered1.5m.tcf 
the gap 1%AEP lake JUNE 2007 ocean 
_bermlowered2.0m.tcf 
the gap 1%AEP lake JUNE 2007 ocean 
_bermlowered2.5m.tcf 
the gap 1%AEP lake JUNE 2007 ocean 
_bermlowered3.0m.tcf 
the gap 1%AEP lake JUNE 2007 ocean 
_bermlowered1.0m_2050.tcf 









bc_dbase_1%AEPlake_5%AEP WWS Storm.csv 













related to the 
boundary 
condition 
and the HT 
data 
bc_dbase_1%AEPlake_5%AEP WWS Storm_2100.csv 
bc_dbase_1%AEPlake_1%AEP WWS Storm.csv 
bc_dbase_1%AEPlake_1%AEP WWS Storm_2050.csv 
bc_dbase_1%AEPlake_1%AEP WWS Storm_2100.csv 
bc_dbase_1%AEPlake_NEAP TIDE WWS Storm.csv 
bc_dbase_1%AEPlake_NEAP TIDE WWS 
Storm_2050.csv 
bc_dbase_1%AEPlake_NEAP TIDE WWS 
Storm_2100.csv 
bc_dbase_1%AEPlake_Ocean June 2007 Hsig.csv  
bc_dbase_1%AEPlake_Ocean June 2007 Hsig_2050.csv 




 Lake 1%AEP.csv 
Ocean 5%AEP.csv 
Ocean 5%AEP WWS.csv 
Ocean 5%AEP WWS_2050.csv 
Ocean 5%AEP WWS_2100.csv 
Ocean 1%AEP.csv 
Ocean 1%AEP WWS.csv 
Ocean 1%AEP WWS_2050.csv 
Ocean 1%AEP WWS_2100.csv 
Ocean NEAP TIDE.csv 
Ocean NEAP TIDE WWS.csv 
Ocean NEAP TIDE WWS_2050.csv 
Ocean NEAP TIDE WWS_2100.csv 
Ocean June 2007 Hsig.csv 
Ocean June 2007 Hsig_2050.csv 
Ocean June 2007 Hsig_2100.csv 
Ocean June 2007 Hmax.csv 











Land use file Materials Model Validation 001.csv  
QGIS The gap 
model.gpz 
 All scenarios 
within 1 model 
12d DEMs BERM LOWERED 0PT5m.dem 
BERM LOWERED 1PT0m.dem 
BERM LOWERED 1PT5m.dem 
BERM LOWERED 2PT0m.dem 
BERM LOWERED 2PT5m.dem 
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 - Results  
A range of design flood conditions were modelled, the results of which are presented and 
discussed below. The simulated design events included the 1% AEP for catchment derived 
flooding and 5% AEP, 1% AEP, NEAP tide and June 2007 for ocean derived flooding.  
The impact of future climate change on flooding along Budgewoi Rd (A49) was also 
considered for both catchment derived and ocean derived flood events. Focussing on all the 
flood events where the height of the berm allowed for the wash over effect to occur.  
 
 Peak flood conditions  
As the predicted flood levels for Budgewoi Lake catchment have been determine and 
investigated by many flood studies prior to this report. Their outcomes were adopted and no 
further investigations were undertaken. This report only considered the 1%AEP for the 
catchment flooding.  
Ocean still water levels at ‘the Gap’ were obtained from Office of Environment and Heritage 
website. The ocean and wave run for the 5%AEP, 1%AEP and the NEAP tide up were 
provided by Floodplain Risk Management Guide: Modelling the Interaction of Catchment 
Flooding and Oceanic Inundation. The June 2007 storm surge data was derived from the 
Umwelt Australia Pty Ltd, (2011) report 
The coincident flood events, which considered both catchment and ocean flooding occurring 
at the same time provided a more conservative approach and was adopted for design 
purposes. ‘the Gap’ flood modelling simulated design events included the 5%AEP, 1%AEP, 
the NEAP tide and June 2007 storm surge, a map of peak flood level depth and velocity is 
presented covering the modelled area. 




5.1.1 Initial conditions 
From the flood initial conditions map Figure 32 it is noted that Budgewoi Rd at its current 
level and state will endure localised flooding when the catchment receives a 1% AEP storm.  
The flooding is on both the eastern and western side of the road. Overtopping of the road 
occurred at the Budgewoi oval and again at the middle carpark extending to the entry of the 
Lakes Beach Surf Club carpark. 
The depths range from less than 50mm but increase up to great then 400mm at the 
intersection of Coloma St and Budgewoi Rd.   
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5.1.2 Results 1%AEP catchment and 5% AEP ocean level with wave wind set-up 
Flood map Figure 33 and Figure 34 indicate the depths and velocities for the 5%AEP design 
event. The ocean still water level for the 5%AEP was 2.35m above mean sea level. A 1.5m 
wave run up was applied on top of this. Therefore, the total ocean level was 3.85m above 
mean sea level. The existing sand dune was approximately at RL 7.5m AHD. The dune was 
lowered by 500mm increments.  
The ocean started to breach the sand dune when it was lowered by 2.5m. The lowest part of 
dune was at RL 3.6m which allowed for approximately 200mm of wash over. The breach 
occurred approximately 140m to the north of the Budgewoi Beach North Carpark and 280m 
to south of Coloma St. The breach was approximately 30m wide. A smaller breach also 
occurred at the Budgewoi Beach Middle Carpark. This was due to the access track to the 
beach which was much lower than surrounding dunes. The depth of wash over was about 
150mm and 4m wide.  
The 5% AEP ocean level did not achieve a full breach. When the level of the dune was 
lowered by 4.0m some sections of the dune were at the or below the catchment 1% AEP 
flood level 2.23m. The lowest part of the dune was at an RL 2.05m. This section was at 
Budgewoi beach middle carpark access. The velocity at the berm varied from 0.1 m/s to 0.80 
m/s these increased within the road corridor, ranging from 0.25 m/s to 3.30 m/s. The flood 
maps depicted that the depths at the berm crest were the same as within the road corridor 
ranging from 0m to 1.15m. The road was higher than most of the surrounding area. At the 
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5.1.3 Results 1%AEP Within catchment and 1% AEP ocean level with wave 
wind set-up 
The total ocean still water level for the 1%AEP was 4.05m above mean sea level. This 
consisted of a still water level of 2.55m and 1.5m wave run up was applied on top. The 
existing sand dune was approximately at RL 7.5m AHD. For this design scenarios the dune 
was also lowered by 500mm increments.  
The events results were very similar to the 5%AEP as the ocean started to breach the sand 
dune when it was lowered by 2.5m. A smaller breach also occurred to the Budgewoi Beach 
Middle Carpark with 400mm deep wash over. The main breach was just north of the northern 
Budgewoi beach carpark access. It was approximately 66m wide and 410mm deep. Refer 
Figure 35 for the locations of these breaches  
To achieve a larger breach of the dune, it was lowered by 4.0m. This meant that some 
sections of the dune were either lower or at the same level as the 1% AEP catchment flood 
height 2.23m. The lowest part of the dune was at an RL 2.05m. 
Figure 36 indicates that the velocities over the dune varied from 0.01m/s to 1.2m/s. and the 
depths of the floodwaters were anywhere from 0.02m up to 1.65m. The road corridor flood 
depths are slightly less ranging from 0.02m to 0.95m but the velocities are higher along 
Budgewoi Rd. 3.6m/s was the highest which occurred of the west edge of the bitumen 305m 
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5.1.4 Results 1%AEP Within catchment and NEAP tide with wave wind set-up 
The NEAP tide flooding depth and velocities results are depicted in Figure 37 and Figure 38 . 
This was the lowest level for ocean boundary conditions. It had a total height 2.53 m AHD 
above mean sea level. This consisted of 1.5m wave run up and a still water level 1.03m. This 
design scenario lowered the sand dune by a maximum of 4.0m. The existing sand dune was 
approximately at RL 7.5m AHD and was lowered in 500mm increments. When the dune was 
lowered to this point certain sections where below the catchment 1%AEP level of 2.23m. The 
lowest point within the dune was at RL 2.05m 
The ocean started to breach the sand dune when it was lowered by 4.0m. The breach 
occurred in similar locations to the 5%AEP and 1% AEP. This was north of the Budgewoi 
Beach north carpark and at Budgewoi Beach middle carpark access. This was due to the 
areas being lower than their surrounding dunes. The maximum depth of wash over was 
about 440mm and 66m wide which occurred at the northern breach.  
Flooding extents within Budgewoi Rd corridor did not increase. The area between the road 
and sand dune had a slight increase in flooding. Depths ranging from 15mm to 565m. The 
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5.1.5 Results 1%AEP Within catchment and June 2007 Storm Surge 
The average ocean storm surge level for the June 2007 event was 6.90m above mean sea 
level. The existing sand dune varied from 8.80m to 6.05m AHD.  
The model indicated that the ocean breached the existing sand dune. Figure 39 documents 
that there was two lower section in the existing dune where the wash over occurred. These 
are the same locations as previously documented in the previous results. The first is 
approximately 135m to the north of northern carpark and the second is at the middle carpark 
beach access  
To achieve a near full breach, the dune was lowered by 1.0m. This meant the lowest part of 
the dune would be at an RL 5.05m. This allowed for the ocean to inundate Budgewoi Rd 
(A49) with depths ranging from 0.6m towards the Lakes Beach Surf Club to 2.0m at the 
intersection of Coloma St and Budgewoi Rd. Figure 39 maps the flood depth results for the 
June 2007 storm event. 
The velocities within the area increased as the dune height was lowered. Velocities where 
substantially lower when the breach occurred at the existing dune height. The decrease in 
dune height reduced the width of beach and allowed the waves to run up the slope with more 
speed. Velocities within the road corridor varied from 1.5m/s up to 8.8m/s. Refer Figure 41 
for velocities mapped results 
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5.1.6 Climate change conditions  
The potential impacts of future climate change were considered for the all design events. The 
most significant impact for ‘the Gap’ was reducing the sand dune height. From the design 
scenarios results it can be noted that to allow for the wash over effect for all events the dune 
height would need to be lowered by 0.5m - 4.0m.  
The concern with lowering the dune is that it would increase the wash over occurrence to 
become a regular event. The below sections document the flooding behaviour with the 
increased sea levels.  
 
5.1.6.1 Results of Ocean levels with climate factor 2050 
The Figure 42 to Figure 49 are the climate change 2050 results. These figures should be 
viewed while reading the result paragraphs below. 
The increase of 550mm was added to the ocean total water level. The catchment levels were 
not modified and remained at RL 2.23m. The peak levels for the flood model simulation are 












1% AEP 5% AEP _2050 2.23 4.40 
1% AEP 1% AEP_2050 2.23 4.60 
1% AEP NEAP Tide_2050 2.23 3.08 
1% AEP June 2007_2050 2.23 7.45 
Table 14 - climate change catchment and ocean water levels for 2050 year 
 
This scenario simulated the effect of the sea level increase at the modified sand dune height. 
The dune for 5 % AEP, 1 % AEP and NEAP tide simulations was set at an average 
RL3.25m. Whereas the June 2007 storm surge event was simulated at a RL 6.5m, 1.0m 
below existing dune height.  
The 5%AEP breached the dune with a maximum depth of 1.90m. This deep section of 
breach occurred in the same locations as the present conditions, middle Budgewoi beach 
carpark and 145m north of the Northern carpark. The water level increase by 300mm deeper  
70 
 
The NEAP tide model which included the 2050 climate change factor increased the water 
depth at the breach location as expected. The wash over at the berm are expectedly 
increased flood water depths along Budgewoi Rd and flows also increased 
The dune was breached by the 1%AEP event about 185m south on Coloma St beach 
access. The depth of water that washed over the dune was a maximum of 1.60m with 
velocities of up to 2.25m/s. Within the road corridor the velocities only slightly increased but 
the depths rose by an average of 300mm. 
From the flood maps it can be seen that with the 550mm climate change factor added to 
June 2007 storm surge wave height allowed for the modified sand dune to breach the full 
length of the area of interest. The depths at the sand dune crest vary from 0.01m to 5.05m 
with the deepest section at the northern end near Coloma St. At the section with deep 
floodwater the velocities are high. At the middle park beach access the average velocity is 
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5.1.6.2 Results of Ocean levels with climate factor 2100 
The increase of 910mm was added to the ocean total water depth. The catchment levels 
were not modified and remained at RL 2.23m. The peak levels for the flood model 












1% AEP 5% AEP _2100 2.23 3.94 
1% AEP 1% AEP_2100 2.23 3.96 
1% AEP NEAP Tide_2100 2.23 3.94 
1% AEP June 2007_2100 2.23 7.81 
Table 15 - climate change catchment and ocean water levels for 2100 year 
 
For the 2100 climate change scenario the water level increased by 910mm. from previous 
flood simulations it was evident that the water levels would increase over the berm and within 
the road corridor. 
The flood map Figure 50 to Figure 57 are the results for 5 % AEP, 1 % AEP and NEAP tide 
2100 sea level rise simulations indicated that the extents of the breach would increase along 
with the water depths. Budgewoi Rd would be fully inundated for the length of the study area, 
approximately 1km. Depths ranging from less than 20mm to greater than 1.0m 
The June 2007 storm surge event simulated a full breach at the existing RL 7.5m of the dune 
within the present conditions. When the Storm was ran within the 2100 climate change factor 
at a lowered level of approximately RL6.5m the dune was completely inundated with a depth 
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5.1.7 Results summary 
In summary, reinstating ‘the Gap’ was investigated using a TUFLOW and QGIS flood model. 
This consisted of modelling both the catchment and ocean derived flood events. These 
events were limited to the 1%AEP for the catchment and the 5% AEP, 1%AEP, NEAP Tide 
and June 2007 Storm surge for the ocean. To determine the worst-case scenario these 
events were coincided. 
The 5%AEP and 1% AEP had very similar results. The ocean started to breach the sand 
dune when lowered by 2.5m. When the berm was lowered by 4.0m the wash over extents 
increased and deepened.  
The NEAP tide only begun to breach the dune once lowered to an average RL of 2.5. 
Whereas the June 2007 storm surge achieved the wash over effect at the existing berm 
height. The flood model proved that there is a large variance in ocean levels. Proving that all 
scenarios need to be investigated and considered. 
The results have shown that if the existing sand dune was lowered flooding extents and 
levels within Budgewoi Rd (A49) would increase. How much of an increase depended on the 
rainfall / storm event. The depths ranged from 50mm with a 5%AEP Storm and up to 2.0m 





The previous section outlined the results of the flood model which was developed in 
TUFLOW and QGIS re-laid back the outputs as GIS layers. The following chapter of this 
dissertation discusses the implication of this research in a broader view. This chapter 
discusses what the research presented in the previous chapters means for the flooding 
within Budgewoi Rd (A49) in general as well as evaluating what further work could be 
undertaken to achieve more accurate results and gain a better understanding of how to 
address the flooding issues. This section leads on from the results as it critically evaluated 
this dissertation for useability, accuracy, transparency and reliability. 
 
5.2.1 Discussion on Model performance 
The first objective of this research project was ‘to develop a model that can simulate the 
wash over effect that would have occurred when the sand dunes, ocean and lake were in 
their untouched state’. This was the most challenging aspect of the project. It can be seen 
from the final flood model, that the wash over effect was simulated and the flooding effects 
were document and anaylsed. 
The TUFLOW model was constructed as accurately as possible with the available data. A 
review of the performance and the imported data was scrutinised to understand the risks 
associated with relying on it to predict the flooding behaviour of the wash over effect.  
The model consisted of many components and data. These included: 
• Topography 
• Lake bathymetry  
• Ocean bathymetry  
• The lake boundary conditions 
• The ocean boundary conditions 
• The sand dune geometry 
• Budgewoi Rd 
• Land use  
The model was derived primarily by LiDAR dataset survey for geometric component. The 
accuracy of the LiDAR data varied with the type of land that was surveyed and the survey 
technique. The average discrepancy was up to 15cm for the vertical measurement and up to 
40cm for the horizontal element. With this in mind it can be determined that local topographic 
features were not captured by this dataset and may have a local influence on flood behaviour 
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and differ to what has been modelled. The DEM file that was supplied by Central Council had 
a 1x1 grid dimension as the surface was based on LiDAR. 
Even though the LIDAR DEM was at 1m, a 5m cell size was used within TUFLOW as it was 
determined to be small enough to accurately model the flooding extents. Using a smaller cell 
size would have significantly increased the run time and storage space of the model results. 
The cell size of 5m used in this report adequately modelled the flooding but to develop a 
more accurate model a smaller cell size within TUFLOW should be used.  
For this report the conservative flood modelling approach of a static model was implemented. 
This involved modelling design flood levels and flow velocities across a range of flood 
events. Still water levels for the lake and ocean were obtained from either previous reports or 
the flood data portal on the office of environment and heritage website. Within Section 2.5.2 
static models were discussed and it was documented that due to their simplicity all static 
models assume flooding occurs instantaneously upon exceeding the overtopping threshold 
and that the flooding results may be over estimate (Gallien, et al., 2013). For these reports 
objectives a static model was sufficient. If a more precise and accurate model was required 
an integrated hydrodynamic flood model that accounted for the combined effects of overland 
flow, flood defences, dynamic sea level changes, temporal effects, temporally variable wave 
overtopping volumes, sediment transport and urban drainage would need to be developed.  
Due to the simplicity of the model the ocean and lake boundary conditions used a head verse 
time (HT) method. Other methods such as direct rainfall and flow verse time were tested but 
they were unable to replicate the council online mapping 1%AEP flood level. This was due to 
the fact the study area only focused on a very small area of such a large catchment. No 
boundary conditions were added at the northern and southern extents of the study area. One 
of the modelling requirements within TUFLOW is that the incoming flow needs to be 
perpendicular to the grid otherwise the model becomes unstable.  
In summary the model successfully modelled the wash over affect but the accuracy and 
preciseness of the results should be used with caution or within broad context. The results 
are a depiction of the difference between the existing surface and the flood level only. 
 
5.2.2 Discussion on flood modelling Results 
In section 1.1 it was documented that many residents from around the lake believed that 
bringing back ‘the Gap’ would improve the lake’s flooding issues whereas others believed 
that it would increase flooding in low-lying areas.  
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Numerical and computational flood modelling is not a definite science. It is an estimation; 
results should be viewed and interpreted with this in mind. From the results in section 
Chapter 5 many questions were raised such as; 
• What does this mean for Budgewoi Rd and its surrounding area 
• How will this affect the community 
• What are the dangers 
• How long will the area be inundated 
• Would lowering the dune eventually create another perimeter opening 
• What are the flooding affects within the greater lakes edge and catchment 
• What effect will the predicted sea levels rising have within the wider catchment 
• How should ‘the Gap’ be managed  
• Should the area be left untouched and allow nature to determine its future  
The above questions and other flooding issues were discussed in the following paragraphs.  
The aim of this report was to “Determine the effect of flooding on the local road A49 
Budgewoi Rd if ‘the Gap’ was reinstated.” Within the literature review residents recalled 
events of the ocean breaching the sand dune. Many stated that these breaches were along 
the stretch of Budgewoi Rd just south of Coloma St. As there was no historical data or maps 
to verify the original location of ‘the Gap’. The eyewitness accounts were the only source to 
determine the possible location. 
From the flood map results the sand dune was breached in two locations. These were in the 
vicinity of the resident’s recollections. This led to the analysis of the second objective ‘Locate 
‘the Gaps’ exact location and length over the dune at its ideal positions’.  
The two breaches occurred for all four design scenarios. The June 2007 storm surge event 
breached the existing sand dune whereas the 5% AEP and 1%AEP were lowered 2.5m 
before any signs of breaching’s emerged. The first wash over was at the northern end of the 
study area. The existing ground between Budgewoi Rd and the modified sand dune was 
generally falling towards the road. The flood waters affected properties and infrastructure. 
The properties along Budgewoi Rd from the intersection of Coloma St through to Ourringo St 
would flood waters at the front of the properties. When the climate change factors where 
modelled the area became fully inundated causing possible serve damage to 15 or more 
properties, community reserves and local roads. The second breach did not affect any 
properties, but the road and carparks were flooded.  
The ideal location of ‘the Gap’ would be where the ocean naturally breached the berm and 
for the length that would allow the wash over to follow freely. In this case the northern breach 
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would highly likely to affect properties with flooding by more than 100mm at present condition 
and up to 500mm when the 2050 climate change factor was considered. Lowering the sand 
at the middle carpark for a length of approximately 100m and management of the northern 
section’s height may minimise the impact on these properties.  
Another key aspect of the reinstating ‘the Gap’ would be to address the third objective 
‘Determine the required height of the sand dune within ‘the Gap’ to ensure that the wave and 
storm surge can wash over the dune into the lake’. When the ocean could breach and wash 
over into the lake the extent of flooding increased dramatically. As the existing sand dune 
received wash over during the June 2007 storm surge. To lower the dune would increase the 
occurrence of inundation within the road corridor and surrounding area.  
The flood maps indicated that the flooding was on both sides of the road and to depth which 
were hazardous to pedestrians and vehicles. The flood waters would require days possibly 
weeks to recede and no access along the Budgewoi Rd would be likely. This would be more 
of an inconvenience to the community as there are other local roads that could be used to 
access the south suburbans.   
 
5.2.2.1 Hydraulic Categorisation 
There are no prescriptive methods for determining what parts of the floodplain constitute 
floodways, flood storages and flood fringes. Descriptions of these terms within the Floodplain 
Development Manual (NSW Government, 2005) are essentially qualitative in nature. Of 
particular difficulty was the fact that a definition of flood behaviour and associated impacts is 
likely to vary from one floodplain to another depending on the circumstances and nature of 
flooding within the catchment. 
The hydraulic categories as defined in the Floodplain Development Manual are: 
Floodway - Areas that convey a significant portion of the flow. These are areas that, even if 
partially blocked, would cause a significant increase in flood levels or a significant 
redistribution of flood flows, which may adversely affect other areas. 
Flood Storage - Areas that are important in the temporary storage of the floodwater during 
the passage of the flood. If the area is substantially removed by levees or fill it will result in 
elevated water levels and/or elevated discharges. Flood Storage areas, if completely blocked 
would cause peak flood levels to increase by 0.1m and/or would cause the peak discharge to 
increase by more than 10%. 
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Flood Fringe - Remaining area of flood prone land, after Floodway and Flood Storage areas 
have been defined. Blockage or filling of this area will not have any significant effect on the 
flood pattern or flood levels. 
Several approaches were considered when attempting to define flood impact categories 
across the study area. The approach that was adopted derived a preliminary floodway extent 
from the velocity * depth product (sometimes referred to as unit discharge). The floodway 
extent was then locally adjusted where appropriate. The peak flood depth was used to define 
flood storage areas. The adopted hydraulic categorisation is defined in Table 16. 
 
Type Criteria Description 
Floodway Velocity * Depth > 0.3 
at the 1% AEP event 
 
Areas and flowpaths where a significant 
proportion of floodwaters are conveyed 




Velocity * Depth < 0.3 
and Depth > 0.5 metres 
at the 1% AEP event 
 
Areas where floodwaters accumulate before 
being conveyed downstream. These areas are 
important for detention and attenuation of flood 
peaks. 
 
Flood fringe Flood extent of the PMF 
event 
Areas that are low-velocity backwaters within 
the floodplain. Filling of these areas generally 
has little consequence to overall flood 
behaviour. 
Table 16- Hydraulic Categories 
 
5.2.2.2 Provisional Hazard 
Budgewoi Rd (A49) is classified as an arterial road and provides an access route from the 
south to the north and vice versa. Flooding across a road can be very disruptive and 
hazardous to the community.  
The NSW Government’s Floodplain Development Manual (2005) defines flood hazard 
categories as follows: 
High hazard – possible danger to personal safety; evacuation by trucks is difficult; able-
bodied adults would have difficulty in wading to safety; potential for significant structural 
damage to buildings; and 
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Low hazard – should it be necessary; trucks could evacuate people and their possessions; 
able bodied adults would have little difficulty in wading to safety. 
The key factors influencing flood hazard or risk are: 
• Size of the Flood 
• Rate of Rise - Effective Warning Time 
• Community Awareness 
• Flood Depth and Velocity 
• Duration of Inundation 
• Obstructions to Flow 
• Access and Evacuation 
The provisional flood hazard level is often determined based on the predicted flood depth 
and velocity. This is conveniently done through the analysis of flood model results. A high 
flood depth will cause a hazardous situation while a low depth may only cause an 
inconvenience. High flood velocities are dangerous and may cause structural damage while 
low velocities have no major threat. 
Figures L1 and L2 in the Floodplain Development Manual (NSW Government, 2005) are 
used to determine provisional hazard categorisations within flood liable land. These figures 
are reproduced in Figure 58 
 
 




From the above figures a provisional hazard plan was created for the 1% AEP catchment 
and 1% AEP ocean design scenario only. The map indicated that the hazard within the road 
corridor was primarily classified as low. There were two section where the hazard increased 
to high. This was due to the combination of high flood depths and velocities. Refer Figure 59 
for details. 
 
5.2.2.3 Possible long-term issues 
Many residents believed that reinstating ‘the Gap’ would increase the flooding within the low-
lying areas. This study only focused on a small area of the catchment. From these the results 
and maps it was concluded that if ‘the Gap’ was reinstated the flooding along Budgewoi Rd 
and surrounding area would increase.  
From previous ICOLL reports it was noted that flooding within the catchment was likely to 
increase when the berm was overtopped and allowed the tide to enter and exit the estuary. 
The current opening for the Tuggerah Lake is very narrow and shallow. With this said if the 
sand dune at Budgewoi Beach is lowered and the ocean can breach, would a second 
opening occur and thus allowing more tidal flow to enter the catchment and possibly causing 
an increase in flood waters. Further investigation into the wider catchment would be required 
to determine if the low -lying areas flood extents would rise. 
Tuggerah Lakes water’s edge is largely populated with any increase in the flood levels 
properties and infrastructure will be at risk. Taking this into consideration should ‘the Gap’ be 
managed to ensure that the properties and residents are not at risk or at least they would be 
warned of rising flood waters. 
Many residents believe that the dune that should be untouched and allow nature to define if 
‘the Gap’ is reinstated. As the sea levels continue to rise the sand dune where ‘the Gap’ once 
was will be increasingly under threat of overtopping waves and dune erosion. The severity of 
the flooding will affect the community more often as properties will be damaged, roads closed 




Created By: Trish Etchells
Document Path: N:\AU\Tuggerah\Service\Trish\Design\modelling\the gap model.qgz
Print Date: 
Map Projection: Mercator Auxillary Sphere
Horizontal Datum: WGS 1984








Project No.UNIVERSITY OF SOUTHERN QUEENSLAND
CASE STUDY:
BRING BACK THE 'GAP'
SAND DUNE LOWERED 4.0m
1%AEP CATCHMENT AND OCEAN
PROVISIONAL HAZARD 
Data Disclaimer
Data supplied by Central Coast Council
(Aerial Image)
Fig 59







































5.2.3 Model Uncertainties and Limitations 
There are several uncertainties and limitations with the modelling of environmental 
phenomena such as flooding and ocean levels. Some of the key considerations include: 
• The modelled flood behaviour was driven by the model geometry, derived primarily 
form the LiDAR dataset survey. Local topographic features that were not captured by 
these datasets may have a local influence on flood behaviour and differ to that what 
has been modelled. 
• Obtaining recent storm surge data for the area. This would allow for the model to 
provide more accurate results 
• The model focused on the ‘worst case’ scenarios. To gain a thorough understanding 
of the flooding impacts within the area. A broader range of individual and combination 
scenarios for both the catchment and ocean should be undertaken. 
• The ocean boundary conditions used a conservative approach and were only 
designed with still water levels. Wave interval and height changes were not modelled 
or simulated. 
• Software modelling technique and discrepancies. Data imported into TUFLOW 
needed to be modelled in particular format or techniques otherwise the model 
became unstable or non-functioning. 
• The dune geometry was static, and no dynamic sediment transport was considered 
when the ocean breached the dune. The berm would change the shape of the dune 
over time. This would vary from increase in height and then allow for sediment 
transport and scouring during flood peaks.  
• The land cover conditions in the catchment will change through time and changes in 
vegetation within the catchment, road corridor and sand dune may impact on the local 
flood conditions.  
 
5.2.4 Further work  
There are a number of areas within this project that can be investigated further and provide a 
more in depth and precise flood study report. Some of the key areas of further development 
are: 
• Obtaining detailed features and topography survey of the entire area would provide a 
more accurate model.  
• Incorporation of frequent events and a variety of scenario combinations would provide 




• Water quality monitoring and testing to investigate if the influx of ocean water into 
Budgewoi Lake would return the lakes bottom to sand, improve water clarity and 
quality. 
• This report recommends to not reinstate ‘the Gap’ based on flooding affects only. If 
Central Coast Council and NSW government wished to purse ‘the Gap’ road design 
options would need to be reviewed.  
• Using a dynamic modelling approach and software for the ocean boundary conditions 
would allow for wave interval and height changes to be modelled or simulated. 
• Investigate sediment transport when the ocean breached the dune, and this would 




 - Conclusion and Recommendations 
 Conclusion 
As stated previously the aim of this report was to “Determine the effect of flooding on the 
local road A49 Budgewoi Rd if ‘the Gap’ was reinstated.” 
In finalising the flood study, the following activities were achieved and completed: 
• Successfully developed computer models to simulate the ‘wash over’ effect and flood 
behaviour within Budgewoi Rd corridor and surrounding area 
• Determined the location, height and length of ‘the Gap’  
• Identified the broader impacts on the community and local area 
• Identified climate change impacts 
Through the undertaking of the flood study it has been found that if ‘the Gap’ was reinstated 
the flooding along Budgewoi Rd would increase. The extent and depths of flooding varied 
with each design scenario. The NEAP tide had no impact on the flood levels within the road 
corridor but the area between the dune and the road had a small increase in both depth and 
extents.  
From the other three scenarios the 5%AEP and 1%AEP only began to impact the area when 
the dune was lowered a minimum of 2.5m. whereas the June 2007 storm surge event had 
the largest impact on the area as it breached the sand dune at its existing height. This storm 
had a significant wave height of 6.9m. Flood maps of this event indicated that Budgewoi 
Road was inundated from the edge of the study area in the south to Budgewoi Bridge in the 
north. The depths ranged from 100mm up to 2.0m in the lower lying areas.  
 
 Recommendations 
This reports findings and model indicated that large storm events currently breach the height 
of the existing dune. To reinstate ‘the Gap’ the flooding extents would increase and likely to 
place the community at risk of property damage and/ or serve injury.  
When climate change factors were considered, lowering the dune would further increase the 
flood levels. These levels would be hazardous and dangerous as Budgewoi Rd would be 
98% inundated and the community would be at a higher risk of serve injury or loss of lives, 
damage and even loss of properties.  
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For:  Patricia Vaughan 
Title: Case Study: Bring Back ‘the Gap’ 
Major: Civil Engineering 
Supervisors: Justine Bailey 
Sponsor: Rudy VanDrie - Central Coast Council Flooding Team 
Enrolment: ENG4111 – EXT, 2020 
 ENG4112 – EXT, 2020 
Project Aim: To determine if reinstating ‘the Gap’ at Budgewoi Beach will cause increased 
flooding for local road A9 Budgewoi Rd.  
 
Programme:  Version 2, 9th April 2020 
 Obtain and review data for flood modelling. Determine where gaps are in the data and try to 
source or proceed with an alternative if possible. Refer to project resources for a detailed list 
 Contact long term residents and discussion what the lake and beach were like in the earlier 
days. From these discussion undertake an in depth historical review of Budgewoi Lake and 
beach. 
 Investigate and review design standards for flood modelling 
 Undertake flood modelling using TUFLOW and QGIS.  
 Review flooding results and outcomes.  
 
If time permits 
 Provide road design options pending flood modelling results  
















File: N:\AU\Tuggerah\Service\Trish\Design\modelling\TUFLOW\model\1%AEPlake_1%AEPStorm.tbc  22/08/2020, 5:02:44 PM
File: N:\AU\Tuggerah\Service\Trish\Design\modelling\TUFLOW\model\1%AEPlake_1%AEPStorm.tbc  22/08/2020, 5:02:44 PM
!__________________________________________________________________________________
_______________________
! EXTERNAL BOUNDARIES 1%AEPlake_1%AEPStorm.tbc
Read GIS BC == gis\2d_bc_LAKE WATER LEVEL_L.shp
Read GIS BC == gis\2d_bc_Ocean Water level_L.shp
Page: 1
File: N:\AU\Tuggerah\Service\Trish\Design\modelling\TUFLOW\model\Berm lowered 0.5m.tgc  27/08/2020, 9:00:51 PM
File: N:\AU\Tuggerah\Service\Trish\Design\modelling\TUFLOW\model\Berm lowered 0.5m.tgc  27/08/2020, 9:00:51 PM
!  ** model Geometry berm lowered 0.5m **
Read GIS Location == gis\2d_loc_Model Validation_L.shp
cell Size == 5.0
Grid Size (X,Y) == 5163,  6135
Set Code == 0
Read GIS Code == gis\2d_code_Model Validation_R.shp
Set Zpts == 30
Read GRID Zpts == grid\BERM LOWERED 0PT5m.dem
Set Mat == 1
Read GIS Mat == gis\2d_mat_Land Use_R.shp
Page: 1
File: N:\AU\Tuggerah\Service\Trish\Design\modelling\TUFLOW\runs\the gap 1%AEP lake 1%AEP ocean _bermlowered4.0m.tcf  1/10/2020, 9:16:42 PM
File: N:\AU\Tuggerah\Service\Trish\Design\modelling\TUFLOW\runs\the gap 1%AEP lake 1%AEP ocean _bermlowered4.0m.tcf  1/10/2020, 9:16:42 PM
!the gap 1%AEP lake 1%AEP ocean _bermlowered4.0m.tcf
GIS FORMAT == SHP
SHP Projection == ..\model\gis\projection.prj
!Write Empty GIS Files == ..\model\gis\empty
!___________________________________________________________________________
! ** Model Geometry **
Geometry Control File == ..\Model\Berm lowered 4.0m.tgc
Read Materials File == ..\Model\Materials Model Validation 001.csv
BC Control File == ..\Model\1%AEPlake_1%AEPStorm.tbc
BC Database == ..\bc_dbase\bc_dbase_1%AEPlake_1%AEP WWS Storm.csv
!___________________________________________________________________________
! ** Model Time Settings **
Timestep == 1.5  ! seconds
Start Time == 35  ! Hours
End Time == 45    ! Hours
!___________________________________________________________________________
! ** Model Initial Conditions **
!Set IWL == 0.25
Cell Wet/Dry Depth == 0.0002
!___________________________________________________________________________
! ** Model Output Settings **
Log Folder == log
Output Folder == ..\results\1%AEPlake_1%AEPStorm_bermlowerec4.0m\2D
Write Check Files == ..\check\1%AEPlake_1%AEPStorm\2D_bermlowered4.0m\
!___________________________________________________________________________
Map Output Data Types == h v q d Z1 MB1 MB2  ! Output: Levels, Velocities, Unit
Flows, Depths,Haz, Mass Error
Map Output Data Types == h V q d Z1 MB1 MB2
Map Output Interval == 3600  ! Output every 3600 seconds (1hr)
Store Maximums and Minimums == ON MAXIMUMS ONLY  ! Save peaks values
Map Output Format == GRID DAT  ! Output directly to GIS (grid) as well as SMS (dat)
format
Page: 1
Name Source Column 1 Column 2 Add Col 1 Mult Col 2 Add Col 2
HT_Lake Lake 1%AEP.csv Time Water Level (m AHD)
HT_Ocean Ocean 1%AEP WWS.csv Time Water Level (m AHD)







































































































Recipient Initials: Central Coast Council Geospatial Data Sharing Agreement  
 
THIS DEED is made the 1st day of April 2020 
 
BETWEEN 
1. CENTRAL COAST COUNCIL (“COUNCIL”) 
 
AND  
2. TRISH VAUGHAN ("RECIPIENT") 
 
 




Currency means current as at the date an inquiry is made (clause 16(i)). 
 
Update schedule is a schedule showing data types to be updated according to a 
defined term. 
 
Data shall mean the product as described in Clause 4 (Data Description).  
 
 
2. DURATION OF THIS AGREEMENT 
 
i. This agreement begins from the date shown above and shall end on the 31st 
March 2021 
 
ii. This agreement may be renewed by consent before 28th February 2021 
 
 
3. PURPOSE OF THE DATA SHARING 
 
The Data is provided for a university dissertation studying the area between 
Budgewoi Beach and Lake. 
 
The Recipient may provide the Data to sub-consultants listed in Clause 21. 
 




4. DATA DESCRIPTION 
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• Cadastre 
• Sewerage dataset 
• Water dataset 
• Drainage dataset 
• Aerial Imagery 
 
Geospatial data will be provided in ESRI Shape file or geodatabase format in GDA94 
MGA Zone 56. 
 
LiDAR data will be provided in LAS format in GDA94 MGA Zone 56. 
 
Note: Raster Datasets can be accessed through Council Web Mapping Services 
(WMS). Details of connections will be provided. 
 
 
5. AUTHORITY TO SHARE DATA 
 
i. The data provided under this agreement is for the exclusive use of the 
Recipient. It may not be copied, lent, sold, altered, decompiled, 
disassembled, transferred or adopted, in whole or in part, to any other party 
without the express written permission of Council or as indicated in clause 19. 
 
ii. Where the data is subject to a reciprocal data sharing agreement, all 
intellectual property rights, including copyright, for all shared datasets shall 
remain the property of the custodian of the relevant dataset, and data shall 
not be provided to a third party without consent of the custodian. 
 
If a 3rd party wishes to view Council’s supplied data within the recipients IT 
environment, then no consent from Council is required. 
 
 
6. PERSONAL INFORMATION TO BE SHARED 
 
Any personal information provided under this agreement is subject to the protection 
principles of the Privacy and Personal information Act 1998 and the Freedom of 
Information Act 1989.  
 
 
7. USE OF PERSONAL INFORMATION 
 
i. Personal information shall not be shared with any other party. 
 
ii. If any personal information is provided in error the Recipient is to return that 
information immediately to Council in whole without copying or duplicating in 
any form. 
 
iii. If personal information is provided and either distributed to or accessed by 
any unauthorised third parties, the Recipient indemnifies Council for any 
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8. NOTICE REQUIREMENT 
 
If personal information provided is for a further stated purpose notice to individuals 
to whom the personal information relates shall be provided by the collecting party 
in accordance with the protection principles of the Privacy and Personal Information 
Protection Act 1998. 
 
 
9. METHOD OF SHARING DATA 
 
i. Where an update schedule is required it shall be provided by the party 
requesting the data, and 
 




10. SECURITY OF SHARED DATA 
 
i. Where one party receives data, that party shall use adequate security 
measures to protect the data from unauthorised use, reproduction, 
distribution or publication, or 
 
ii. Where data sharing exists between both parties then both parties shall use 
adequate security measures to protect the data from unauthorised use, 
reproduction, distribution or publication. 
 
 
11. PROVISION AND RETENTION OF DATA 
 
i. The provision of data under this agreement will commence on the date of this 
agreement and continue for the term shown at clause 2. 
 
ii. Upon expiry or termination of this agreement the Recipient shall cease using 
the data, erase the data from all forms of digital storage and return the data to 
Council 
 
iii. Exception. The recipient may retain data where it forms part of an electronic 
back-up system which is not retrievable as part of day-to-day business to the 
extent: 
 
• Required by Law; 
 
• Reasonably required to defend the Recipient in any legal proceeding 
brought or threatened against it; 
 
• Reasonably required for the Recipient's own reasonable internal credit, 
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This agreement may be terminated by either party if there is a breach by the other 
party.  At least 28 days notice in writing must be given. 
 
 
13.  SUSPENSION 
 
Council may suspend the Recipient’s access to data if it knows of or reasonably 
suspects unauthorized use or supply of data 
 
 
14. CHANGES THAT AFFECT AGREEMENT 
 
Where any of the following changes occur, this agreement shall be amended, re-
negotiated or terminated, depending on the effect of the change on the data shared 
under the agreement, subject to the termination notice requirements at clause 12: 
 
i. legislation or common law affects the  nature of the agreement; 
 





The information provided by Council is to Council's knowledge correct however it 
may include inaccuracies or errors. Central Coast Council makes no warranties or 
representations regarding the currency, quality, accuracy, merchantability or fitness 
for the purpose that the recipient intended to use the information, or that it is free 
from any virus or other defect. The recipient should make their own assessment.  
 
Central Coast Council will not be liable to the recipient for any loss or damage 
(including without limitation, consequential loss or damage) however caused and 
whether arising directly or indirectly from the recipients use of the information.    
 
Central Coast Council shall not accept liability, claim or damage of any kind arising 





i. The Recipient acknowledges that Council does not guarantee the currency, 
accuracy, completeness or fitness for purpose of the data provided.   
 
ii. Any reliance upon the information is at the recipients own risk. 
 
 
17.  NO FETTER 
 
The Recipient acknowledges that Central Coast Council is a consent authority with 
statutory functions, rights and obligations. This agreement and any information 
provided under this agreement is not intended to operate or be used to fetter the 
power of Council to: 
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18. COSTS OF DATA PROVISION 
 
i. No cost of data provision for this project. 
 
 
19. DISPUTE RESOLUTION 
 
i. The parties' employee or agent will use all reasonable efforts in good faith to 
resolve any dispute relating to this agreement or its termination. 
 
ii. Where the parties' employee or agent cannot resolve a dispute within a 
reasonable time, the dispute will be referred to the Chief Executives of the 
parties for determination.   
 
iii. If the dispute is not resolved by the Chief Executives within a reasonable 
time, either party may refer the matter to an arbitrator for determination which 
shall be binding. 
 
iv. The arbitrator will be a person agreed to by the Chief Executive and if no 
agreement a person nominated by the Chief Executive Officer of LEADR. 
Each party is responsible for half the fees of the arbitrator unless the 
arbitrator decides a different amount. 
 





Subject to Clause 21, the Recipient may not assign, sub contract or otherwise 
transfer any or all of its rights or obligations under this Agreement. 
 
 
21. SPECIAL CONDITIONS 
 
i. Council provides consent for the data provided under this agreement to be 
on-provided by the Recipient to the following sub-consultants: 
 
• No sub-consultants indicated 
 
The Recipient remains the primary contractor 
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EXECUTED BY     Signature:   
Central Coast Council    Name:  Roslyn Young  
       Date:    
 
 
EXECUTED BY     Signature: 
Trish Vaughan     Name:     
       Date: 
 
 
 
07/04/20
